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PREFACE. 


QHOTJLD  experts  in  engineering  complain  that  they  do  not  find 
^  anything  of  interest  in  this  volume,  the  writer  would  merely 
lemind  them  that  it  was  not  his  intention  that  they  should.  The 
book  has  been  prepared  for  young  members  of  the  profession ;  and 
one  of  the  leading  objects  has  been  to  elucidate  in  plain  English,  a 
few  important  elementary  principles  which  the  savants  have  envel- 
oped in  such  a  haze  of  mystery  as  to  render  pursuit  hopeless  to  any 
but  a  confirmed  mathematician. 

Comparatively  few  eliglileer^  ai»  good'n^taomi^cians ;  and  in  the 
writer's  opinion,  it  is  fortunate  thai  such  is  the  case ;  for  nature  rarely 
combines  high  mathematioal:  ttale^it^  Vitii'  that  practical  tact,  and 
observation  of  outward  things,  so  ^ential.to<a  successful  engineer. 

There  have  been,  it  is  t]fue,!bfilll^it*e3!:c6toti6h8;  but  they  are  very 
rare.  But  few  even  of  those  who  have  been  tolerable  mathematidani 
when  young,  can,  as  they  advance  in  years,  and  become  engaged  in 
business,  spare  the  time  necessary  for  retaining  such  accomplish- 
ments. 

Nearly  all  the  scientific  principles  which  constitute  the  foundar 
tion  of  civil  engineering  are  susceptible  of  complete  and  satis&ctory 
explanation  to  any  person  who  really  possesses  only  so  much  element- 
ary knowledge  of  arithmetic  and  natural  philosophy  as  is  supposed 
to  be  taught  to  boys  of  twelve  or  fourteen  in  our  public  schools.* 

*  Let  two  little  boys  weigh  each  other  on  a  platform  scale.  Then  when  they 
balance  each  other  on  their  board  see-saw,  let  them  see  (and  measure  for  theniselTes) 
that  the  lighter  one  is  farther  from  the  fence-rail  on  which  their  board  is  placed,  in 
the  same  proportion  as  the  heavier  boy  oatweighs  the  lighter  one.  They  will  then 
have  learned  the  grand  principle  of  the  lever.  Then  let  them.  tA^asoK^  «.w<\.«ftfe'Coa: 
tlie  light  one  §ee-MWB  fbrtber  than  the  heavy  one,  Vn  ttie  «M!i«  ^tcs^x^aqtcvn  vcA^ 
wJJI  lure  acquired  the  principle  of  virCuol  veloeities.'  '&x^\«aai  V>  ^J*vOTv>i^K«^  «^ 
^  momeMtt  meaoB  nothing  man  than  tbat  wbftn  tkiCT  •«^'t  l\i«tt»8\^'»  «X  ^^'^^ 


f   ... 

,  Vlll  PBEFACE. 

The  little  that  is  beyond  this,  might  safely  be  intrusted  to  the 
savans.  Let  them  work  out  the  results,  and  give  them  to  the  engi- 
neer in  intelligible  langitctge.  We  could  afford  to  take  their  words  for 
it,  because  such  things  are  their  specialty ;  and  because  we  know  that 

i 

they  are  the  best  qualified  to  investigate  them.    On  the  same  princi- 
ple we  intrust  our  lives  to  our  physician,  or  to  the  captain  of  the 
vessel  at  sea.    Medicine  and  seamanship  are  their  respective  special- 
ties. 
If  there  is  any  point  in  which  the  writer  may  hope  to  meet  the 
I  approbation  of  proficients,  it  is  in  the  accuracy  of  the  tables.    The 
]  pains  taken  in  this  respect  have  been  very  great.    Most  of  the  tables 
■  have  been  entirely  recalculated  expressly  for  this  book ;  and  one  of 
I  the  results  has  been  the  detection  of  a  great  many  errors  in  those  in 
i  common  use.    He  trusts  that  none  will  be  found  exceeding  one,  or 
i  sometimes  two,  ini  t^  \aat  fig;^^  of  ^}r«taUe  1»  which  great  accuracy 
I  is  required.    TheH  ir^  msmyrerroqi  tp  Hif^H  filkqount,  especially  where 

r  f  *  m     *  *    m*  *  •       r<      trm 

I  •*■•,'•••» 

I  Qred  distances  on  their  aee-avw^'f^jf  Jmtiim^*»Mh  odter.  Let  them  see  that  the  weight 
I  of  the  heavy  boy,  when.  nuil(f plied  by, ^is, distance  in  feet  from  the  fence-rail 
':  amounts  to  just  as  much  as  thf  >nrQi^t4|;^tifi^ht  ^ne  when  multiplied  by  his  dis- 
1  tance.    Explain  to  them  tltat  «alh* ($r*fh£  {mqifnSb^  i^^n  foot-pounds.    Tell  them  that 
1  the  lightest  one,  because  he  Bee-saws  so  much  faster  than  the  other,  will  bump 
;  against  the  ground  Just  as  hard  as  the  heavy  one ;  and  that  this  means  that  their 
,    momentums  are  equal.    The  boys  may  then  go  in  to  dinner,  and  probably  puzzle  their 
'.  big  lout  of  a  brother  who  has  just  passed  through  college  with  high  honora.    They 
will  not  forget  what  they  have  learned,  for  they  learned  it  as  play,  without  any  ear- 
pulling,  spanking,  or  keeping  in.    Let  their  bats  and  balls,  their  marbles,  their 
swings,  &c,  once  become  their  philosophical  apparatus,  and  children  may  be  taught 
{really  taught)  many  of  the  most  important  principles  of  engineering  before  they 
can  read  or  write. 

It  is  the  ignorance  of  these  principles,  so  easily  taught  even  to  children,  that  con- 
stitutes what  is  popularly  called  "The  Practical  Enoinebr;"  which,  in  the  great 
■   majority  of  cawjs,  means  simply  an  Ignoramus,  who  blunders  along  without  knowing 
any  other  reason  for  what  he  does,  than  that  he  has  seen  it  done  so  before.    And  it 
r  is  this  same  ignorance  that  causes  employers  to  prefer  this  practical  man  to  one  who 
I   !■  conversant  with  principles.    They,  themselves,  were  spanked,  kept  in,  Ac,  when 
^  boys,  because  they  could  not  master  leverage,  equality  of  moments,  and  virtual  velo- 
^ties,  enveloped  in  x*s,  p's,  Oreek  letters,  square-roots,  cube-roots,  Ac,  and  they 
;arally  set  down  any  man  as  a  fool  who  could.  They  turn  up  their  noses  at  science, 
>T«aming  that  the  word  means  simply,  Jenotoing  why.    And  it  must  be  confessed 
ey  are  not  altogether  without  reason ;  for  the  savans  appear  to  prepare  their 
nh  the  express  ol^ect  of  preventing  p«rcbas«n,  (they  have  but  few  r«aders^ 
nJag  wbjr. 


I  PREFACE.  IX 

I 
the  i^calculation  was  very  tedious,  and  where,  consequently,  interpo- 
lation was  resorted  to.  They  are  too  small  to  be  of  practical  import- 
ance. He  knows,  however,  the  almost  impossibility  of  avoiding  larger 
Cfran  entirdy;'  and  will  be  glad  to  be  informed  of  any  that  may  be 
detected,  except  the  final  ones  alluded  to,  that  they  may  be  corrected 
in  case  another  edition  should  be  called  for.  Tables  which  are  abso- 
ktely  reliable,  possess  an  intrinsic  value  that  is  not  to  be  measured  by 
money  alone.  With  this  consideration  the  volume  has  been  made  a 
trifle  larger  than  would  otherwise  have  been  necessary,  in  order  to 
admit  the  stereotyped  sines  and  tangents  from  his  book  on  railroad 
eorves.  These  have  been  so  thoroughly  compared  with  standards 
prepared  independently  of  each  other,  that  the  writer  believes  them 
to  be  absolutely  correct. 

In  order  to  reduce  the  volume  to  pocket-size,  smaller  type  has  been 
osed  than  would  otherwise  have  been  desirable. 

Many  abbreviations  of  common  words  in  frequent  use  have  been 
introduced,  such  as  abut,  cen,  diag,  hor,  vert,  pres,  &c,  instead  of 
abutment,  center,  diagonal,  horizontal,  vertical,  pressure,  &c.  They 
can  in  no  case  lead  to  doubt;  while  they  appreciably  reduce  the 
thickness  of  the  volume. 

Where  prices  have  been  added,  they  are  placed  in  footnotes.  They 
are  intended  merely  to  give  an  approximate  or  comparative  idea  of 
value ;  for  constant  fluctuations  prevent  anything  fiEuther. 

The  addresses  of  a  few  manufacturing  establishments  have  also 
been  inserted  in  notes,  in  the  belief  that  they  might  at  times  be  found 
convenient.  They  have  been  given  without  the  knowledge  of  the 
proprietors. 

The  writer  is  frequently  asked  to  name  good  elementary  books  on 
civil  engineering ;  but  regrets  to  say  that  there  are  very  few  such  in 
our  language.  "  Civil  Engineering,"  by  Prof.  Mahan  of  West  Point ; 
'*  Beads  and  Railroads,"  by  the  late  Prof.  Gillespie ;  and  the  "  Manual 

I 

I     for  Bailroad  Engineers,"  by  George  L.  Vose,  Civ.  Eng,  and  Professor 

j    of  Civil  Engineering  in  Bowdoin  College,  BruTiaVveV,'^«!vc\^,  ^^^  ^ 

best.    The  last,  pubiiebed  by  Lee  &  Shepaid,  BoeX«ft,\^^^,  ^S' 

most  complete  work  of  its  clan  with  which  thfi  ^xiXftt  \^  «««^^^ 
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PARAIiliEIiOORAMS. 

JUetangU. 


BJumMd. 


S  St  s 

A  r  Am&iXBLOoRAM  if  any  flgurs  of  tow  itralcht  sides,  (be  opposite  ones  of  which  are  parallel.  Thei 
an  bat  four,  as  io  tJie  above  flga.  la  the  aqaare  and  rhombus  all  the  four  sides  are  equal ;  in  tt 
leetangle  and  rheraliold  onlj  the  opposite  ones  are  equal-.  In  any  parallelogram  the  four  angh 
•awuc  to  fonr  right  angles,  or  SdQO;  and  anj  two  dlagonallj  opposite  angles  are  equal  to  each  othoi 
heaw.  knvins  «••  angle  given,  the  other  three  oan  readilv  be  found.  In  a  aqaare,  or  a  rhombus,  i 
dint  divldM  «aoh  of  two  angles  into  two  equal  paru;  bat  in  the  two  other  parallelograms  it  does  not 

T*  ilitd  tlie  area  of  anj*  iMmllelosram. 

Xattlply  any  side,  as  S,  by  the  perp  height,  or  dist  j»  to  the  opposite  side.  If  the  side  m  be  taken 
tfcaatha  dotted  perpdist  me  beeomes  the  height.  iliMnnaJ 

n«  «U«f  a  b  «/  «Hjf  scKore  is  equal  to  one  side  malt  by  1.41421 ;  and  a  side  Is  equal  to  ■"  "!Vj»i 

As  *tdt  «/  «  «f  (tore  ecwoC  in  turea  to  «  yiven  circle,  is  equal  to  diam  X  'SSCiS.  1.4I4S1 

Tk4  *id€  ^tk*  grttU—t  aquart  that  catib0  Uueribed  in  a  given  cbtxie^  is  equal  to  diam  X  .707107. 

TiM  aide  or  a  square  mult  by  1.5Mgires  the  side  of  an  equilateral  tri- 
aa^  of  the  same  area.  All  parallelograms  which  have  equal  bases  a  c, 
aatef aal  perp  kei«hta  a  e,  have  also  equal  areas;  thus  the  areaofa  e  m  n 
is  esaal  te  that  of  a  e  ««;  and  the  area  of  aaoh  is  twloe  that  of  a  tri- 
aagle  havtag  the  same  baw.  and  perp  height.  The  area  of  a  square 
lasorfbed  ia  a  olrale  is  equal  to  twies  the  square  of  the  rad. 

la  every  parallelogram,  the  4  squares  drawn  oa  its  sides  have  a  united 
area  ef  asl  to  that  of  the  two  squares  drawn  on  its  t  diags.  If  a  larger 
sqoara  bs  drawn  on  the  diag  a  k  of  a  smaller  sqaare,  its  area  will  be 
iwiee  that  of  said  smaller  square.  Either  diag  of  any  psurallelogram 
divUtaa  it  into  two  eqsal  triangles;  and  the  S  diags  divide  it  into  4 
triaaglaa  of  equal  areas.  The  two  diags  of  any  parallelogram  divide 
aaeh  other  Into  two  equal  parts.  Any  line  drawn  throogh  the  eentre 
•r  a  diag  divides  the  parallelogram  into  t  equal  parts.. 

Rutaas  1.  —  Tk*  art*  •f  any  fig  whatevr  that  i*  encCosed  by  /bar 
sCraifMtf  MM,  may  be  found  thus:  Mult  together  the  two  diags  am.  m 
i :  and  the  nac  sine  of  the  least  angle  a  •  o,  or  a  o  m,  formed  by  their 
Iniersaetiea.  Div  the  product  by  1.  This  is  nseful  in  land  surveying, 
whea  ebstaeles.  as  is  often  the  case,  make  it  diffleult  to  measure  the  sides 
ef  the  Ig  sr  field ;  while  it  may  be  easy  to  measure  the  diaca ;  and  after 
lading  thsir  point  of  intersection  o,  to  measure  the  required  angle. 

Bav.  1  — The  sides  of  a  parallelogrant,  triangle,  and  many  other 
Igs.  may  be  found,  when  only  the  aroft  mud  anfrlea  are  given,  thus : 
Amame  some  partteular  one  of  its  sides  to  be  of  the  length  1;  aadcai- 
ealata  what  Its  area  would  be  If  thai  were  the  ease.    Then  as  the  sq 

itef  the  area  thn*  fonnd  is  to  this  side  1,  so  Is  the  sq  rt  of  the  aetaal  givaa  area,  to  the  eorrespondiaj 
Mtaal  aids  of  the  fla. 

TBIANOIiES. 


▼e  speak  here  of  ftan«  triangles  only ;  that  Is,  of  those  having  straight  sides.  Since  tbe  area  of  au] 
triangle  is  equal  to  half  that  of  a  parallelogram  which  has  the  same  base  and  perp  height,  therefora, 

T»  Had  tike  area  of  anj-  trians'le*  baviag^  ito  base  and  per|i 

beltflkt. 

KsH  Its  base  S  by  its  height,  or  perp  dist  p  to  the  opposite  angle;  and  div  the  prod  by  3 
Ailhough  this  applies  to  all  plane  triangles,  tbe  following  is  oonvenlent  for  an  eouilateral  one,  whenib 
|srp  hsifhtis  not  known:  Square  one  side;  and  mult  the  pquare  by  the  decimal  .4390.  Any  sidi 
■If  be  assumed  as  the  base  of  a  triangle;  but  the  perp  height  must  always  be  measd  from  th( 
alii  so  assumed ;  te  de  which,  the  side  must  sometimes  be  prolonged,  as  in  Fig  B ;  bat  tbe  prelonga 
tiMi  Is  Boi  to  be  eoasldered  as  a  part  of  the  base. 

Ths  perp  height  of  an  eqnilateral  triangle  is  equal  to  one  idde  X  .80(10.  Hence  one  of  its  sides  ii 
•Qsal  u  the  perp  height  div  by  .8880;  or  to  perp  height  X  1.1547.  Or.  to  find  a  side,  mult  the  sq  r 
of  Its  area  by  1.530.  The  side  of  an  eqnilnteral  triangle,  mutt  by  .868  =  «\Aft  «1  «k  w\w«x«  «t  ^X!A  vkbb 
•rea;  ar  div  by  1.S488  it  gives  tbe  diam  of  a  circle  of  same  area. 

JBrnvimg'  two  Mldes«  and  t1i«  liie\ik<i«^  mBii^\«« 

KmH  togBtherthe  two  §Uet.  sad  the  ant  sine  of  the  InolnfteA  »tm\ft ;  A\v  Y»v  1.  ,  ^^    ^, 


'  ~  "       '  T  -"«»JW8.f  Mvars  ft  m«». 


—  r 
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MENSURATIOK. 


Mawin^  tUe  tbree  afdes. 

Add  tfaem  together;  iiv  the  sub  tojr  2;  froii  tbe  hbir  avm,  MitHtwot  each  lide  sep«ntelj;  b^ 
the  hair  sum  aad  the  three  remaiadera  ooDtiaooiMljr  together ;  take  the  tq  rt  of  the  prod. 

Ex.  — The  8  aides  =  10,80,  40  ft.    Her«S0-f-.904-40  =  9Q;  »dA    ^.  =  46.       And  45  — 20  =  35; 

45  —  30=15;  and  45  — 40=5.    Aod  45X25  X  15X5  =  84375;  and  the  «q  rt  of  84875  ia  280.4T  iq  It, 

araareqd. 

Havlngr  on«  stfie  and  tbe  two  adjaeeut  angrlMi* 

Add  the  2  angles  together ;  take  tho  sum  from  180° ;  the  rem  will  be  the  angle  opp  the  giveo  side. 
Find  the  nat  aiiM  of  this  augle;  also  find  the  Bat  siaes  of  the  other  avglea,  aud  malt  tlieu  together. 
Then  as  the  oat  sine  of  tbe  nfogle  aagle,  la  to'  the  prod  of  tbe  nat  siuea  of  tbe  other  2  angles,  so  is 
the  tquare  of  the  given  side  to  double  the  reqd  area. 

Havingf  tbe  tbree  aniples,  and  tbe  perp 

taeiirbt,  €tb. 

Find  the  nat  sines  of  tbe  three  angles ;  mult  together  tbe  sfnes  of  tbe  angles 
dando:  dir  the  aineof  theangle&by  the  prod;  mult  thequot  bj  tbe  aquare 
of  the  perp  beigbt  a  5 ;  div  bv  2.    See  Bemai^l^  2.  after  Pamll^li^grama. . 

A  triangle  ia  equOatertd  when  all  its  sides  are  equal,  as  A  ;  Uateet«t  whcn'enlj 
two  aides  are  equal,  aa  R  ;  ncalene  when  all  the  aides  are  onequal,  as  G.  D.  and  k; 
acute-angled  when  ni)  Its  angles  am  aente.  er-iaJeh  less  than  ffO^.  as  A,  B.  aud 

C;  right-angled  when  it  oontaina  a  right  angle,  as 
D ;  obtute  ■  angled  when  it  oontaius  an  obtasa 
angle,  or  one  greater  tban  9fP,  as  E. 

All  the  three  angles  of  any  triangle  are  eqfnal  to  two 
right  angles,  or  180^;  therefore,  if  we  know  two  of 
them,  we  can  Hod  the  third  br  anbtraetrDg  tbefr  aua 
Troa  180^.  All  triangles  which  bare  eqnal  bases, 
and  eqnal  perp  helgbts.  hare  also  eqnal  areas ;  thns 
tbe  areas  of  aw  e,  aw  d,  and  awe,  are  eqnal  to 
each  otber.  The  area  of  any  triangle  ia  eqnal  to 
half  that  of  any  paranelogram  which  has  an  equal 
I  base,  and  an  equal  perp  height.  The  areas  of  tri- 
"^  angles  which  have  equal  bases,  but  diff  perp 
heights,  are  to  each  other  as,  or  in  proportion  to, 
their  perp  heights ;  thus  the  triangle  awn,  with  a  perp  height  m  n,  equal  to  bat  one-half  that  (•  e) 
of  the  tbree  other  triangles,  has  also  but  half  the  area  of  either  of  those  ethers, 

TBAPEZOIBS. 

n  t        7n      n       xn 


A  trapexoid  aenm,\»  any  fignrs  with  fonr  straight  sides,  only  two  of  which,  as  ae and  n  m,  vn 
parallel. 

To  find  the  area  of  any  tra|»eBoid. 

Add  together  the  two  parallel  sides,  a  e  and  m  n ;  mult  the  sum  by  tbe  perp  dist « t  between 
them ;  div  the  prod  by  2.  See  the  following  rules  for  trapeziiuns,  which  are  all  equally  applicable 
to  trapezoids ;  also  see  Remarks  after  Parallelograms.  ' 

TRAPEZIUMS. 


A  trapezium  a  5  c  o,  Is  any  fig  with  four  straight  sides,  of  which  no  two  are  parallel. 


To  find  the  area  of  any  trapoalnm,  havlniir  friven  the  dlaip 
bOf  or  a  e,  between  either  pair  of  opposite  angles }  and  also 
the  two  perps,  n,  n,  from  tbe  other  two  anfrles. 

Add  together  theae  two  perpa ;  malt  the  sum  by  the  diag;  div  the  prod  by  2. 

Havingr  tbe  fonr  sides  f  and  either  pair  of  opposite  asfles* 

as  abCf  ao  e;  or  bao,  and  beo. 

Consider  the  trapezium  aa  divided  into  two  trianglea.  In  each  of  which  are  given  two  sides  and  the 
Jaeladed  uagle.    FloA  the  area  of  eaeh  of  these  triangles  as  direeted  under  the  prsoeding  bead  "  Tri' 
Mogimt.  "mndadd  them  together. 


^rmwigag-  t§Me  ik»nr  tUMKlem^  and  either  pair  oC  opposite  sides. 

^^•^hS^  *»?^^  '/••  *'*'*•'  •"**  **•  •''O  anglea  at  Ua  ends.    It  t)M  tnm  «  ttieaa  xwo  «niSMM%iia«ei\% 
""^f  eaoft  or  tt%»nk  fw^fn  jao".  and  mnke  vse  of  the  roma  lns%ea&  o*  t^a  ao^m  x:h«ia'i«V««a. 

two  MU«Mitt  »»««••  C«r  t^  t^*  ««••  ••.^  «'^^^*LJ*^  l*  ^'^ 
M  dlwi>Kd  tor  UmA  — i  wftw  ttw  ywwft\iitlawA'*'ttW»iCft:'   \m 


•■^  ff  them  from 
'/  «0tf  ibid  its 
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witii  the  otiter  gtnaMi,  and  Its  two  a^aeeiit  Migleii,  (or  thdr  reou,  as  the  cue  may  be.) 
8ikmet  fche  leaat  of  the  areas  tbas  flataid,  frooi  the  greateai;  tite  rem  will  be  tfae  r«qd  area. 

HavlnflT  tliree  sides;  anti  tlbe  two  included  aitiples. 

Malt  tegetber  tbe  middle  side,  and  one  «f  tbe  adjMrat  'ides ;  nult  the  prod  bjr  tbe  nat  sine  of  tbeir 
laeladcd  angle;  oall  tbe  result  a.*  Do  tbe  saoie  witb  tbe  sniddleside  and  ks  other  adjaoeat  side. 
a^  tte  nat  sine  «f  tbe  other  included  angle ;  call  tbe  result  b.  Add  tbe  two  angles  together ;  And 
ibe  dW  between  tbeIr  sun  and  IW,  wbeiber  greater  or  leas ;  fiud  tbe  uat  sine  of  tbf  s  diff ;  mult 
tSMtbertbe  two  given  sides  wbteb  are  c^»tite  out  auotber;  mult  tbe  prodby  tbe  nat  sine  just  found; 
chI  tbe  pesnlt  e.  Add  togetber  tbe  results  a  and  b ;  then,  if  tbe  sum  of  tbe  two  given  angles  is  tess 
Cban  yu°,  subtract  c  from  tbe  sum  of  a  and  5 ;  bo// tbe  rem  will  be  tbe  area  of  tbe  trapezium.  But 
if  tbe  9mjm  of  tbe  two  given  angles  be  greater  tban  WO^,  add  togetber  tbe  tbree  results  a,  b,  and  c; 
Aa^  tbeir  sent  will  be  tbe  area. 

HavlBiT  til®  ^wo  di«s*<Mial8,  and  eitber  anyle  formed  by  tbeir 

in  terseetion. 

flee  Beatarks  after  ParallebKgrams. 

In  railroad  measnrements 

Of  exeavatiea  and  embankment,  tne  crapecium 
I M  •  «  frequenAly  oeeurs ;  as  well  as  tbe  two  5-8ided 
fgurea  im  ««  <  and  /innes;  in  ailof  wbieb  m  m 
represents  tbe  readvaj ;  r*.re,  and  r  t  tbe  eenter- 
dNWiM  er  beights;  I  u  and  •  v  tbe  lidc-deptiis  er 
beigbce,  as  given  bFtbe  level;  l»  and  no  tfae  side* 


!  general  mie  for  area  applies  to  all  tbree 
«r  theee  igs :  aaaiely,  aralt  tbe  extreme  hor  wldtb 
«  *  by  km^  the  eeuter  depcb  r  «,  r  e.  or  r  C.  as  tbe 
easemnybn.  Alee  mnit  ene /mA*  oT  tbe  wldtb  of 
rsadwny  «  «,  by  tbe  sum  of  tbe  two  slde-dq^s  I  u 
and  •  •.  Add  the  two  prodit  together;  tbe  sum  is  tbe 
This  rale  allies  wbetbcr  tbe  two  elde> 
m  I  and  »  o  bare  the  anme  angle  of  iuellnatlon  or  not. 

poiiireosrs. 


/VnfftfTOn. 
baidta. 


He*' 


Wexagom. 
esidea. 


1  aide*. 


Oetagen. 

8aide». 


An  «tra!ght-alded  Bgs  of  more  than  4  sides,  are  ealled  polygons;  if  all  tbe  sides  are  eqnal.  It  Is  n 
regwfair  polygon:  If  aet,  irregular.  Of  course  their  number  Is  inflaite;  but  those  in  mostoommon 
nae  are  the  fSsur  abowa  above. 

TABIiE    OF    P0I.T009S. 


Sides. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Name  of  Polygon. 


Equil&terftl  biMi^le. 

84|uare. 

PKutagon. 

IIpxMgon. 

ncpt&gon. 

Octafcon. 

Nonni^n. 

Decagon. 

Undecagon. 

Dodecagon. 


Areas. 

BadiL 

Sides. 

.4330 

.6774 

1.7320 

1. 

^7071 

1.4142 

1.7205 

.8507 

1.1766 

2.5981 

1. 

1. 

8.C339 

1.1  R24 

.8678 

4.8284 

1.3066 

.7654 

6.1818 

1.4610 

.6840 

7.6942 

16180 

.6180 

9  3656 

1.7747 

.5635 

11.1962 

1.9319 

.6176 

Angle  eon- 

taloed  between 

two  sides. 


108° 

120O 
1280  84^29 

irjdo 

140° 

144° 
147°  16'.36 

160^ 


Angle  at 

center  of 

circle. 


120° 

y(p 

7i5> 
&P 
51«>  26'.71 
450 
400 
36° 

32°  4:V.64 
30° 


Ta  fliMl  tbe  area  af  any  reirnlar  poljrson. 

Melt  tagetber  one  of  Its  sides,  ab;  the  perp  p  drawn  from  tbe  eenter  of  the  fig  to  tbe  center  of  Its 
rids:  and  the  nnmher  of  Its  rides.    DW  the  prod  bv  2.    Or.  square  one  of  its  sides;  and  mult  said 


I  b7  the  nnmber  In  tbe  fnrefoing  table.  In  the  cdomn  of  areas. 

HaFlnir  a  side  of  a  regpnlar  polygron,  to  find  tbe  rad  of  a 

eirenmiierloinftr  eirele. 

M«it  tiM  aide  by  tke  ewr remanding  nnnber  in  the  eolnma  of  radii. 

BarJair  M«  '"'^  ^»  eirenaiscriblnic  elTel««  to  HikA.  V\k«  «\< 
•fthtt  laaerlbed  reipviar  i^lysaiih. 

Mm  <fc»fW  ^r  JMB  tmmt^mdlmg  mimhug  la  tM  aalama  oC  nIAn. 

'SLfSLHiSiS S£ ir~^.**»«»  •»*•  •tH^raot  »•  a««\«  tT«a  ASBP, iJa^  '^^^^ ^' 
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KENSUBATIOK, 


To  find  tbe  arem  of  any  trr^§^lmr  poly  r 
IfOit,  anhe «t». 

Dlr  It  inttt  trlaoglei,  m  a  »  &,  a  m  e,  and  ale;  in-  ••oh  of 
which  find  the  perp  diat  o,  betlroen  its  hue  «  5,  a  e,  or  b  e;  and 
the  oppoolte  angle  n,m,  or  a;  molt  Moh  baie  hj  iu  perp  dUt; 
add  all  the  proda  together ;  dl^  hj  2. 

To  find  tbe  area  of  a  lonir  irre^ alar 
flS**  m»  abed. 

Between  its  two  ends  a  &,  and  e  d, 


epaee  off  eqvat  dlite,  (the  shorter  they  are  the  more  aeenrate  win  he  the  retnlt.)  throngh  whieh 
draw  tbe  iutermediate  parallel  lines  1,  X,  S,  Jkc,  across  the  breadth  of  the  fig.  Measure  the  lengtha 
of  these  intermediate  lines,  and  add  them  together;  to  the  sum  add  one  hat/ot  tbe  two  end  breadths 
a  b  and  e  d.  Mult  the  entire  sum  hy  one  of  tbe  equal  spaces  between  the  parallel  lines.  The  prod 
will  be  the  area.  This  mle  answers  as  well  if  either  one  or  both  the  ends  terminate  in  points,  as  at «» 
and  n.  In  the  last  of  these  eases,  both  a  h  and  e  d  will  be  included  in  the  intermediate  lines ;  and 
half  the  two  end  breadths  will  be  0,  or  nothing. 


To  flud  tbe  area  of  a  fi|p 


oatline  Is  extremely 


irregular. 

Draw  lines  aroand  It  whIeh  shall  enolose  wtthio 
them  (as  nearly  as  ean  be  judged  by  eye)  as  mneb 
space  not  belonging  to  the  fig,  as  they  exclude  space 
belongSng  to  it.  The  area  of  the  simplified  fig  tbua 
formed,beingin  this  manner  rendered  equal  to  that 
of  tbeoompllcated  one.may  becakmlated  by  dividing 
it  Into  triangles.  Ac.  By  nsing  a  piceeof  fine  thread, 
the  proper  position  for  the  newbonndarr  lines  may 
befound,  before  drawingthem  in.  Small  irregular 
areas  may  be  found  from  a  drawing,  by  laying  npoa 
it  a  piece  of  transparent  paper  earefnlly  ruled  into 
small  squares,  each  of  a  gireB  area,  say  10,  SO.  or 
100  sq  ft  each;  and  by  first  counting  the  whole 
squares,  and  then  adding  the  fraoiioaa  of  squares. 

CIRCI^ES. 

A  circle  is  the  area  Included  within  a  curved  line  of  such  a  character  that  erery  point  In  tt  Is 
equally  distant  from  a  certain  point  within  it.  ealled  its  center.  Tbe  curved  line  itself  is  called  the 
eircumferenoe,  or  periphery  of  the  circle ;  or  very  commonly  it  is  called  the  eirde. 

To  And  tlie  cirennifereiiee. 

Mult  the  diam  by  S.1416 ;  more  correctly,  by  3.141593.    Or  as  IIS  is  to  855,  sols  diam  to  drenmf,  as 

approxhnately  as  the  last;  or  mutt  the  diam  by  3i;  which  gives  the  eireumf,  only  about  1  part ia 

3600  too  great ;  or  mult  the  area  by  13.666,  and  take  the  sq  rt  of  the  quot ;  or  nse  the  following  table 
of  circles. 

To  find  tbe  diam. 

DiT  the  circumf  by  3.1416,  or.  as  355  is  to  113,  so  is  eircnmf  to  diam;  or.  malt  theelreamf  by  T; 
and  div  the  prod  by  33.  which  gives  the  diam  too  small  bv  only  about  one  part  in  3800;  or  muU  the 
area  by  1.2733;  and  take  the  sq  rt  of  the  prod ;  or^se  tbe  following  table  of  circles. 

Tbe  diam  is  to  the  circumf  more  exactly  as  1  to  3.14159365. 

To  fiBid  tbe  diam  of  a  eircle  eqaal  in  area  to  a  i^¥en  aqnare. 

Mult  one  side  of  the  square  by  1.13838. 

To  And  tbe  nid  of  a  eircle  to  circaBnseilbe  a  i^ven  aqnare. 

Mult  one  side  by  .T071 ;  or  take  ^  the  diag. 

To  find  tbe  side  of  a  square  equal  In  area  to  a  i^i  ven  eirele. 

Molt  the  diam  by  .88633. 

To  find  the  side  of  tbe  irsreatest  square  tbat  can' be  inserlbed 

in  a  given  circle. 

Mult  diam  by  .7071.  The  area  of  the  grvtatest  square  tbat  can  he  Inscribed  in  a  drole  Is  senal  to 
twice  the  square  of  the  rad.  The  diam  X  by  1.3468  gives  the  side  of  an  equilateral  triangle  ofeqnal  area. 

Jfaviiiffr  the  chord  or  snan  t  and  tbe  rise  or  helnrbt  (improperly 
at//ed  the  versed  aiao)  of  a  circular  arc,  to  find  tbd  rad. 

_  Sfujuv  one  Mai/ the  ebord;  alw  SQo«re  the  whole  rise ;  add  these  aqnaret  iofather :  div  the  som  by 
SwrwSterf^***     **'*  ^^**  ■  *^*^J  Btethod  of  asoertelnUtg  the  nA  ot  awj  nSVvtMA  txicri*  ataeadr 

Mrnwiwatc  tike  eliord,  nnd  md«  to  ftm^  tlk«  t\««. 

iiht^'iT'H^  sflinire  hair  »li«  ohord :  take  tlie  \ast  iMimM  twaa  t*»  te*'.  «t*  w\.tV^t  < 
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"BiKwing  the  rad,  and.  rise,  t«  find  tbe  cliord. 

From  rad  tiabtract  riao;  square  the  rem ;  also  square  the  rad ;  from  this  last  square  take  the  first; 
kike  sq  rt  of  rem ;  and  mult  it  hj  S. 

HaTinff  rise  of  are,  and  diam  of  eircle,  to  find  tbe  chord. 

Frofli  the  dIam  take  the  rise ;  mult  the  rem  by  the  rise ;  take  pq  rt  of  prod  and  mult  it  by  2. 

The  rad  of  a  circle  is  equal  to  h»l(  the  diam ;  or  to  eircamf  mult  by  .159165.  It  U  alvo  equal  to  ons 
■Me  of  an  Inscribed  hexagoa ;  consequently,  as  a  chord  of  the  circle,  it  subtends  60^. 

Half  the  chord  of  an  are,  if  div  by  the  rad  of  the  circle,  irlll  give  the  nat  sine  of  half  the  angle 
nbcended  by  the  whole  phord,  or  are. 

Table  of  Mtnntes  converted  into  decimals  of  a  Degree. 

A  aeeood  Is  the  name  decimal  of  a  min,  as  a  mln  Ii  of  a  deg.  To  reduce  seconds  to  a  dec  of  a  deg, 
aalt  them  by  .UOO-i778.  Fifteen  see.  or  }4  min  =  .004167  d^ ;  and  >^  min  =  .008333  deg ;  and  ^  min 
c  .01X500  deg.    360°  =  tltOO  minutes  =  i2M1000  seconds. 


Xin. 

Deg. 

Min. 

Deg. 

Min. 

Deg. 

Min. 

Deg. 

1 

.010666 

16 

.26C6C6 

31 

.51C666 

46 

.71)6666 

2 

.033333 

17 

.283333 

32 

.533333 

47 

.783333 

3 

.050000 

18 

.300000 

33 

.560000 

48 

.800000 

4 

•oceeeo 

19 

.3166r6 

34 

.5C6666 

49 

.8106C6 

6 

.083333 

20 

.833C33 

35 

.583333 

50 

.833333 

6 

.ICOOOO 

21 

J)50000 

36 

.600000 

51 

.850000 

7 

.116666 

22 

.366660 

37 

.616666 

52 

.86C(  66 

8 

.133333 

23 

.383333 

38 

.633333 

53 

.883333 

9 

.150000 

24 

.400000 

39 

.650000 

54 

.900000 

10 

.166666 

25 

.416666 

40 

.6<  6666 

:  55 

.91  f  066 

11 

.183333 

26 

.433333 

41 

.683333 

56 

.933333 

12 

.200000 

27 

.450000 

42 

.700000 

57 

.95C0O0 

13 

.216666 

28 

.466666 

43 

.71  €666 

58 

.9C6C66 

14 

.233333 

29 

.48:3333 

44 

.733333 

(9 

.983333 

15 

.250000 

30 

.500000 

45 

.750000 

60 

1.000000 

To  find  the  area  of  a  circle. 

Bqnare  the  dIam;  mult  this  square  by  .7854;  or  more  accurately  by  .78639818;  or  square  the  eir< 
eunf ;  mult  this  square  by  .07958 :  or  more  accurately  by  .07957747 ;  or  mult  half  the  diam  by  half  thi 
ekenmf :  or  refer  to  the  following  table  of  areas  of  circles. 

The  area  of  a  circle  is  to  the  area  of  any  circumscribed  straight-sided  flg,  as  tb<>  circumf  of  the 
eirale  Is  to  the  circumf  or  periphery  of  the  fig.  The  area  of  a  square  inscribed  in  a  circle,  is  equal  tc 
tviee  the  square  of  the  rad.    Of  a  circle  in  a  Mquare,  —  square  X  .7854. 

It  is  convenient  to  remember,  in  rounding  off  a  square  corner  a  6  c,  by  a  qnartnr  of     (J  ^ 

a  eircle,  that  the  shaded  area  a  6  e  is  equal  to  about  1  part  (correctly  .3146)  of  the 
vhola  aqunra  abed.  o 


iV, 


jiTtfffir- 


Oi 


To  find  the  breadth  of  a  circular  rinsr. 

Raring  tt«  area,  and  the  diam  of  Its  outer  circle.  Find  the  area  of  the  whole  circle. 
From  it  take  the  area  of  the  ring.    Mult  the  rem  by  1.2733.     Take  the  sq  rt  of  the      ** 
Mod.    This  sq  rt  will  be  the  diam  of  the  inner  circle.    Take  it  flrom  the  diam  of  the  outer  one;  and 
olv  th«  rem  by  2,  for  the  reqd  breadth. 

To  find  the  length  of  a  circular  arc  (, 

Find  the  chord  a  6  of  half  the  are ;  *  and  mult  It  by  8.    From  the  prod  take 
tke  ehord  a  c  of  the  whole  are ;  div  the  rem  bv  3.    This  is  a  close  approximation 
fw  JIat  area.    It  always  gives  them  a  little  too  short.    When  greater  accuracy  is 
ttqalred,  add  as  follows,  for  semioiroles,  ^x^h  part;  rise  ^^  T^^i  '^  ^ 

mer  to  the  two  tables  of  arcs  on  pages  21  and  '/H. 
SncABK. — It  may  frequently  be  of  use  to  mnembcr.  that  In  any 
tre  t  •  s,  not  exceeding  29^.  or  in  other  words,  trliose  chord  b  s  <«  of 
i*as(  sixteen  limes  its  rUe.  the  middle  ordinate  a  o,  will  be  one 
half  of  ae.  quite  near  enough  for  many  purposes;  &e  and  sc  being 
teagenta  tothe  arc.tAnd  vice  versa,if  in  such  an  arc  wemakeo  cequ^ 
so.  then  will  e  be.  very  nearlv,  the  point  at  which  tangents  from  the 
•■ds  of  th«  are  will  meet.  Also  the  middle  ordinate  n.  of  the  half  are 
s  t.  er  0 s,  will  be  approximately  yiot  ao,  the  mid  ord  of  the  whole 
m.  Indeed,  this  last  ohwrvation  Will  apply  near  enough  for  many 
•pprsilasate  uses  even  if  the  are  be  as  great  as  *fiP ;  for  if  in  that  case  we  take  ^  of  o  a  for  the  ord  n 
•  vUl  then  be  but  I  part  In  103  too  small ;  and  therefore  the  principle  may  often  be  used  in  drawings 
hr  Indinc  polnta  In  a  curve  of  too  great  rad  to  be  drawn  by  the  dividers ;  for  in  the  same  manner,  }i 
sf  n  will  be  the  mid  ord  for  the  are  m  6  orn  o ;  and  so  on  to  any  extent. 

la  an  arc  of  900,  The  chord  =  rad  X  1.4U2 ;  or  =  t\m  X  4.«1K&, 

TherlM    =:r«lX    •«»;  ot=?^ 

_  4.oZB3« 

Length  of  «ro  =  rad  X  1.51<« ;  or  =  cYiot^  X ^ .WW*-      ___. 
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TABI.E  OF  CIRC1I.es --(CkmUaaed.) 

Dism. 

Gireamr. 

Area. 

Diam. 

Circnmf. 

Area. 

Diam. 

Gircamf. 

Area. 

Diam- 

CIrcumf. 

Area. 

Ins. 

Ina. 

Sq.  Ins. 

Ins. 

Ins. 

Sq.  Ins. 

Ins. 

Ins. 

Sq.  Ins. 

Ins. 

57M 

Ids. 

Sq.Ins 

»K 
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632.36 

38. 

119.381 
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TABIii:    OF  CIRCUliAR  ARCft—fCoMiMTED.) 


H'gbU. 

Lengths. 

H'ffbU. 

L«ngtbs. 

H'ghto. 

Leogtba. 

.S76 

1.84229 
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1.42845 

.877 

1.3^393 

.402 

1.38671 

.427 

1.43127 

.878 

1.34 163 

.403 

1.3U846 

.428 

l.t3309 

.879 

1.34731 

.404 

1.39021 

.429 

1. •13491 

.830 

1.84999 

.403 

1.39U6 

.4;i0 

1.43673 

.881 

1.35068 

.406 

1.31372 

.431 

1.43d56 

.888 

1.35237 

.407 

1.39548 

.432 

1.44039 

.383 

1.33406 

.408 

1.31.721 

.433 

1.44222 

.38t 

I.35W5 

.409 

1.3D900 

.434 

1.44406 

.88) 

1.8i744 

.410 

1.40077 

.435 

1.445H9 

.386 

1.S5914 

.411 

1.402.34 

.436 

1.44773 

.887 

1.36084 

.412 

1.40432 

.437 

1.44957 

.388 

1.33J>4 

.413 

1.40610 

.438 

1.43142 

.388 

l.S642'> 

.414 

1.407b8 

.439 

1.45327 

.890 

1.33396 

.413 

1.40966 

.410 

1.45512 

,.391 

1.36767 

.416 

1.41143 

.441 

1.45617 

jm 

l.S69:)9 

.417 

1.41324 

.442 

1.45%3 

.388 

1.37111 

.418 

1.41303 

.443 

1.46069 

.894 

1.87283 

.419 

1.41688 

.444 

1.46255 

.895 

1.3743.3 

.420 

1.41861 

.443 

1.46441 

Mt 

1.37628 

.421 

1.42041 

.446 

1.46628 

jam 

1.37801 

.422 

1.422:21 

.447 

1.46815 

.888 

1.37974 

.423 

1.42402 

.448 

1.47002 

.899 

1.38148 

.421 

•1.425S3 

.449 

1.47189 

.400 

1.88822 

.423 

1.42761 

.450 

1.47377 

H'ghM. 


.451 
.432 
.4'>3 
.464 
.455 
.456 
.457 
.458 
.459 
.460 
.461 
.462 
.463 
.464 
.465 
.466 
.467 
.468 
.469 
.470 
.471 
.472 
.473 
.474 
.475 


Lengths. 

lights.  ! 

1.4'!SU'> 

.476 

1.477:^ 

.-.77 

1.47142 

.•:78 

1.4H31 

.479 

1.41310 

.4k  0 

1.415C9 

.4M 

1.4vta9 

.482 

1.4f«aiJ 

.413 

1.4L079 

.4E4 

1.49':C9 

.s'8d 

l.-JCXO 

.486 

1.41651 

.487 

1.4(,ts2 

.488 

l.SOO.'IIi 

.<:b-9 

l.r0224 

.490 

l..')(!4Ib 

.491 

l.jdCOH 

.492 

l.SOiOO 

.493 

1.50U2 

.<94 

1.51U5 

.495 

1.51378 

.4£6 

1..'>15-1 

.497 

1.5I76< 

.418 

1.51£r8 

.4£9 

1.52152 

.500 

T*  find  tbe  lengftli  of  a  cii^nlar  arc  by  the  followiiBip 

on  next  page. 

KsAwing  the  rad  of  the  efrole,  nod  the  measure  of  the  arc  in  deg,  niin.  kc. 
Bcui.  Add  together  the  lengths  in  tlie  table  found  respeoiively  oiipositu  to  the  deg,  i 
the  are.    Mult  the  sura  by  the  rad  of  the  circle. 
Kx.  In  a  oirole  of  12.48  feet  rad,  is  an  arc  of  13  deg,  27  min,  8  sec.    How  long  is  the  arc 

Here,  opposite  IS  deg  iu  the  table,  we  find,  .2'JfiKi)'28 
*•  27  min  '♦  •♦  "  ••  .OO'KoiO 
•«        8  seo  "       '♦       "       "    .0(KiO:{H8 


Sum  =  .2347856 
And  .1347856  X  12.43  or  rad  =  2.918385  feet,  the  reqd  length  of  arc. 
The  length  of  1  degree  of  a  circular  arc  is  equal  to  .017453  292  520  of  its  radius. 
"        "       "   I  minute        "        ••        ••        "        "  .000290  888  209    '*     "     " 
"        "       "  ).  seoond        "        "        "        "        "  .000004  848  137     •'    '•     " 
Ab  are  of  1  degree  of  the  earth's  equatorial  grvat  circle  is  but  about  (> yV  ^^^^  longer  thai 
Ita  length  is  69.16  land  or  statute  mites.     Earth's  equatorial  nad  =-  3962.6705  wiles. 

An  are  of  1  dcRree,  to  a  rad  of  1  mile,  is  93.1534  feet ;  a  minute  is  1.5359  feet :  r  second  if 
foot;  or  very  nearly  5sixteenihs  of  an  inch.    An  arc  of  1  deg.  to  a  rad  of  100  reet=  1.7453 

To  find  the  lengrth  of  a  revolation  of  the  thread  of  a  s 

Sqnare  the  outer  eircumf  of  the  screw;  also  square  the  dist  apart  of  the  threads  froi 
«enter.    Take  the  sq  rt  of  the  sum. 

To  find  the  area  of  a  circular  Hector 

RuLC  1.   Mult  the  length  of  the  arc  a  <i  &,  by  the  rad  c  a 
divide  prod  by  2. 

Rem.  Knowing  the  ehord  ab.and  the  height  ntl:  or  tfa 
the  number  of  degs  in  the  arc.  the  length  of  tlu;  arc  itsulf  oi 
from  either  the  preceding  or  tbe  fnllowinK  taMc. 

Rule  2.    As  360°  is  to  the  number  of  degs  iu  thr  angle  < 
the  area  of  the  entire  circle  to  the  area  of  ibe  sector. 

To  find  the  area  of  a  circular  ring. 

Find  the  areas  of  the  two  circles,  and  take  the  lonKt  fmni  the  gr 
mult  the  sum  of  tbe  two  dianiH,  ah,  cd.  by  their  difT;  mult  the  pre 
Or  mult  together  tbe  thickness  c  a;  the  mean  diani  1 1;  and  3.1416. 

To  find  the  rad  of  a  circle  which  shall  hfi 
Hame  area  of  section  an  a  ft^lven  circnlc 

e s  dab. 

Draw  any  rad  nr  of  the  outer  elrele ;  and  fMm  where  said  rad  cuts  the  inner  circle  at  t, 
rtght  aisles  to  it.    Then  will  t «  be  tbe  reqd  rad. 

Ta  and  the  area  of  a  clrcnlar  scfrinent  abed* 

k  Bf    tbe    table    on    page«  24  an&  %  ba'vVnt;  vVv«  c\\«Td 

height  d  b :  and  the  aiam  of  the  oVroVe.  \>\v  \,\\«  \<Le\tiYA 
dlam  of  the  circle :  find  in  tt»e  tttat  cnXunvt*.  v\\e  Tiv\TO>^«T  xi 
qunt :  take  out  from  the  ool  ot  areaa,  tbe  eoTT««^uA,Vii%  »xi 
mrmtt  hv  tho  aAwnvA  Af  thn  Alam. 


KENSDBATIOS. 


Ttaerull»HlnK  rvrmnlnfuqiBlIP  clnOF  for  nnt(i«s«; 


t  ABCB,  WHOSE 


HEK8UBATIOIT. 
TABI^  or  ASEAH  OF  CIBCCLAH  SEOSENTB. 


^   1 

1 1 

*™„. 

.,».. 

1 

*™ 

1 

1 

a™.. 

f 

*™ 

f 

03 

n 
en 

"34 

:O0IM9 

.(Kisse; 
:owi6M 

'.000763 
.010148 

flllMl 
.01173) 

fliawi 

.OlMK 

J1I73« 
01TII31 

wrml 

.064 
.Ufli 

JW8 
.069 

;»7i 

!070 

iou 

.OSS 

am 
aw 

.091 
.092 

:ioi 

iios 

1 

ioSlBBO 

.idsiM 
loaaaa 

.0OTJ90 
!028^4 

:0310TJ 
!0S3873 

loaoiB 

WsOG 

.oas4M 

.0390ST 
ioiOSTS 

fl43B0S 

.MBBfll 

!0320W 
.0M«1 

'.IX 
-IM 

i 
1 

.IW 

:i7s 
ii-fl 

.057091 

:as 

.OMOIM 

.Moms 

.081319 
.MJOK 

s 

!o«8M3 

:«08m 
■oaSBW 

.069»iB 
.070331 
.0710U 
.0717*1 

JW03W 

.08258:; 
.0B3SWI 
.084M0 

.ON«Me 

.M079T 
.OalSM 

!dB3S37 
.00MB7 

,0gS44T 
.IWWil 

'.lOffll' 

!i9s 

.1B( 

!ie7 

.m 

1 
1 

!l08 
.MB 

1 

.MT 

'ma 

.2» 
isM 

.ins 

.327 
.229 

■m 

!2S1 
.33S 
.23* 
.236 
.236 
J37 

!l» 
.340 

ilOlllM 

iioeui 
:iD7Ma 

!lI102e 
J1980S 

ja2M8 
jaiai 

.  2SMK 

!t  28813 

:i3B278 

:i36«24 
.1364M 

!l3809« 
.13BM2 

!  13239 
'.  4'iBCC 

1 

.244 

1 

jwo 
i-.ia 

!2B« 

'.Wi 
.Wi 
,270 

i 

:»4 

!287 
.2BB 

J»4 
.29S 

'ssn 
'ssn 
iaoi 

i 

310 

:iw 

.1*8 
ilTl 

;i74 

.m 

J88 
!l02 

JiOO 

'.an 

\1 

kBl.E  OF 

ABEAS  OF  riRCl1,AR  SEGnEKTB  — ^CaMlsIEDO 

i_ 

'- 

y 

'- 

1 

— 

™, 

1 

,™. 

«« 

,»12B41 

sm 

.247846 

.2S3MS 

~~r 

3191ISB 

A'ifl730 

B 

1313S71 

.84SS01 

.SWBiat 

jiai04« 

.382 

.366646 

;9iB 

J-20 

.351613 

!36T4e9 

.380721 

.21760(1 

.11MB3. 

;432 

.3u»og 

.4m 

xa 

1882717 

m 

.2eo«)2 

.363T1G 

iwwoi 

.SSI 

.291411 

.48* 

:3«ss3 

.aS64IS 

.2(ra90 

.436 

.828m 

!473 

jaarrti 

563 

-400 

.ssesfli 

.36«711 

.3M 

!294B^U 

.330SU 

.387110 

JMIM 

:269M« 

!43S 

.SESODI 

JW« 

.260821 

J-7 

JflOTOT 

am 

'.sssase 

.870106 

.388 

*B 

.Sa4«3B 

.S717M 

.afiwu 

.2992» 

444 

.481 

372704 

ari 

!2WI4G 

.301221 

.iSi 

.S7410S 

.8J2 
.B73 

.266111 

IkI 

.803187 

J4B 

.sasEot 

XHoa 

'411 

!4t8 

^i 

412 

.sosise 

.4se 

.378701 

XJfi 

:2M9B2 
.^lOHBl 

.30ffl40 

:460 

.34378S 
.343778 

jeoioD 

X!S 

isosiio 

M2 

!4e» 

3I2M1 

■tlfl 

M3 

.490 

.aS2I0D 

JB3«ei 

J1100S2 

.346J« 

.MSIOO 

^1832 

.34;7«) 

'UM 

MB 

Mteto 

JI8IT6 

.313042 

.467 

.u«7u: 

.494 

.217748 

;Jg 

xiioia 

.46S 

.S50T4B 
361146 

.4H 

.SBttW 

^^^Kil  .sse 

'aw 

agMon 

^^■tao   m 

.461 

■  ■wmI  x» 

■ira 

.3W736 

.400 

r» 

sst 

.SSMIS 

,428 

M<Kn<, 

.392609 

■mat  It  flrcnlnr  sane  a  A  e  <(. 
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MENSUBATIOK. 


An  tttipte  \b  a  curra.  e  f  «  «,  ]Fig  1.  formed  l^  yi  ob)iqae  aectlon  of  either  «  oooe  oc  %  e>liDder,  pi 
Ing  throagh  its  curved  aurfWoe,  without  touetaiBg  tife  bas«.  la'nature  n  tfueh  tbit  If  two  iinea,  as 
n/  aod  n  9.  Fig  2,  be  drawn  from  anj  point  n  in  ita  periphery  or  oiroamf,  to  two  certain  point*/ 
and  a,  situated  in  its  long  diam  c  to,  (and  called  the  foci  of  the  ellipse.)  they  will  be  eqaal  to  any  other 
two  lines,  as  h  /,  and  b  <|,  drawn  from  anj  ether  point,  a*  6,  in  theciroumf,  to  the  foci  /and  p ;  also  any 
two  such  lines  will  together  be  equal  to  the  long  diara  e  w.  The  line  e  to  dividing  the  ellipse  into  two 
equal  parts  lengthwise,  is  called  its  transrerse.  or  mivjof  axis,  or  long  diam :  and  a  6,  which  dividM  it 
equally  at  right-angles  to  c  to,  is  called  the  conjugate,  or  minor  axis,  or  short  diam.  To  flud  the  post- 
tioa  of  the  foci  of  an  ellipse,  from  either  end,  as  6,  of  the  Rhort  diam,  measure  off  the  dists  6  /  and 

i  a.  Fig  3,  eaoh  equal  to  0  c,  or  one- half  the  long  diam. 
The  parameter  of  an  ellipse  is  a  certain  length  obtained 

thus ;  as  the  long  diam  :  short  diam  : :  short  diam  :  para* 

meter;  or  the 


parameter  ia  equal  to 


abort  diam* 
long  diam 


Abt  Hne  &  a,  or  e  d.  Fig  8,  drawn  from  the  circnmf,  to, 
and  at  right  angles  to,  either  diam,  is  called  an  ordinnte  ; 
and  the  part  a  y,  or  e  z  of  that  diam,  between  the  ord  and 
the  circumf,  is  palled  an  abMcUta,  or  ab$eist. 

To  find  tlie  leuflrtb  of  any  ordinate 
...  ab,  drawn  to  the  long  diam  y  m. 

S  ^  Knowing  the  absdsa  y  a,  and  ttie  two  diams. 

Ord,ah=(*^^^'^\   X  ^TlongdiamXya)-yaa 
\  long  diam  / 

Or  in  worda,  dlv  the  abort  diam  by  the  long  one ;  call  the  qnot  q.  tf nit  the  long  diam  by  the  abaclaa 
V  a ;  trom  the  prod  aubtraot  the  aquare  of  the  abaciaa  y  a ;  take  the  sq  rt  of  the  rem ;  mult  thia  aq  rt 
by  g. 

Or,  mult  together  the  two  parta  y  a  and  a  m.  Fig  8.  into  which  the  ord  divldea  the  long  diam ;  take 
the  sq  rt  of  the  prod ;  mult  thia  sq  rt  by  the  short  diam  ;  dir  the  prod  by  the  long  diam. 

Rkm.  Neither  of  these  rules  (nor  any  other)  appliea  also  to  ordinates  like  c  d,  drawn  to  the  short 
diams  a. 

To  find  the  circumf  of  an  elllfMie. 

Mathematicians^are  furnished  practical  men  with  no  simple  working  rule  for  this  purpose.  The 
so-called  approximate  rules  do  not  deaerre  the  name.  They  are  aa  foUowa,  D  being  the  long  diam : 
and  d  the  abort  one.* 

Uuhm  1.  Circumf  =3,Uie  -—^1  Bulb 2.  8.1416        /7^£\*IimMi.  S.2216  ^^H^l 

thia  IS  the  same  as  Rule  I,  but  in  a  dilf  shape.    Buis  4    2%/  D*  + 1.4674  da.     Now,  in  an  elUpse 

whose  long  and  abort  diams  are  10  aod  2,  the  otroomf  Is  actually  21,  Tery  approximately;  but  rule  1 
gives  it  =  18.85 :  rule  2,  or  3,  =  22.65;  and  rule  4.  =:  20.51.  Again,  if  the  diamsbe  10  and  6.  the  clr* 
cumf  aotuallr  =  25.59 ;  but  rule  4  gives  24.72.  These  examples  show  that  none  of  the  rules  usuallj 
given  are  reliable.  The  following  one  by  the  writer,  is  sufficiently  exact  for  ordinary  purposes ;  not 
being  in  error  probably  moro  than  1  part  in  1000.  When  D  is  not  more  than  5  times  as  long  as  d,  then, 
calling  the  diff  between  them,  Diff,  the 

Circumf  =  8.1416  V^  T^+^VZWl 


/D2-{-(P\   ^  Diff  a 
\      2      /  8.8 


If  I>  is  more  than  6  times  d,  then  instead  of  dividing  Diff  >  by  8.8,  dir  it  by  the  number  in  the 
following  table : 


D  =  6d 

9 

J>^Ud 

9.6 

D  =  40d 

9.98 

7 

9.2 

16 

9.68 

60 

10.04 

8 

9.3 

18 

9.75 

60 

10.10 

9 

9.35 

20 

9.8 

70 

10.17 

10 

9.4 

25 

9.87 

80 

10.23 

12 

9.5 

80 

9.92 

100 

ia36 

In  words,  this  rule  is  aa  follows :  Square  both  D  and  d ;  add  these  squares  together ;  dlT  the  sum  bj 
2;  call  the  quot  A.  Next  subtract  d  from  D;  square  the  Diff:  div  thia  aquare  by  8.8  (or  by  the 
proper  number  from  the  table) ;  aubtract  the  quot  from  A ;  take  the  aq  rt  of  the  rem;  mult  thia  aq  rt 
by  3.1416. 

The  following  table  of  aemi-elliptio  arcs,  has  been  prepared  by  thia  rule. 

b  To  use  thia  table,  dir  the  height  or  rise  of  the  are,  by  its  apan  or  chord.  The  quot 

will  be  the  height  of  an  are  whose  span  is  I.  Find  this  quot  in  the  column  of 
heights  ;  and  take  out  the  corresponding  number  from  the  ool.  of  lengths.  Mult  this 
number  by  the  actual  span.    The  prod  will  be  the  read  length. 

U'hea  the  betgbt  broomes  .800  of  the  chord  fas  at  tne  end  of  the  table)  the  ellipse 

beaomea  •  oirole.     When  the  height  exceeds  .600  of  the  chord,  as  in  a  5  c,  then  take 

a  o,  or  hnir  the  chord,  as  the  rise ;  and  div  this  T\s«V»y  tba  Vtui^&Vam  b  d,  for  the 

quot  to  be  lookeA  Tor  In  the  col  of  taelghta;  and  to  be  mn\l\»3  \<m«  &V«a.  'S?^  Vtx\k« 

get  the  mro  bad,  which  la  evidently  equal  to  a  b  e. 


•The  fbfl  tabi*  In  Ifr.  HuiralVe  book,  AdoooVe,  vn4  o>kM«,  U  Vnewrt*^.,  fttv 


XENSURATIOR. 


TABIS  Ol 

iKHeras  or  si:hi<ei.i.iftio  abcs. 

(Ortglii"l.) 

BritkU. 

i«(ik.. 

HrilhU. 

UdiU.^ 

B.>^«. 

LCDflb.. 

■"■'" 

UDIlb.. 

Mi 

.079 

.265 

sxt 

.380 

,390 

m 

mi 

'x» 

.200 

2M 

jaa 

Mi 

.« 

Wi 

.233 

.3W 

M 

.OBI 

.23» 

j»& 

.ooi 

.«5 

.su 

i» 

.CM 

.2M 

4W 

ilM 

115 

1w 

1.S&9 

.2es 

41S 

Ml 

ffll 

!*20 

M 

MS 

M 

.310 

!2ft2 

J33 

,ox 

.1« 

J»8 

sm 

,4Sfl 

.osa 

M 

03S 

.9)6 

iaso 

Mi 

.039 

.no 

.SM 

J2S 

.460 

.MM 

M 

Aia 

.4W 

in 

.OU 

.130 

.100 

.MI 

^e> 

SA 

.SM 

JOG 

X>M 

.280 

.■S& 

.4R0 

.MO 

JNW 

.23S 

jeo 

aei 

.48S 

.340 

.402 

.»6fi 

JW 

l.ON 

.3i6 

.aoj 

a» 

.071 

.Wl 

.S7S 

.382 

'/m 

.in 

To  flnd  tbe  itr«it  or  an  «lllp«e. 


I    TaSad  ttaedbun  ofs  circle  oftlie  Mme  itren  aa  a  ^ven  elllpae. 

I    to  lad  lb*arooof  aM  el1lpll«  negment  wIiaHe  bueta  piirBllel 
[  la  either  dlam. 

Todraw  aM  elllpae. 

*«.l.s*,l.,«ir'lh.ai.uc/,r/',™bm„ri 

gl  KriDf./-  n/.  DT  {' €/ ""°f ''^  " 
*5*  *'  tour-  >»lnj  Mail  to  Ibi  W  dl>m. 

/■iiTIrr  «5°iro5lr  nmcb 


k^nib  >~i.4<< 


xenshbatioit. 


To  draw  a  Jvint  up,  of  an  elllplte  arcb,  fk«iB  any  pvlnt  n,  1 


H  mpEI  bt  (t«  f«r 


lUvU  bD^  Dj  i^imiBI  <i,  or  I  a,  lout  lil/CI  llii>Du>i,>>iid  dlrtSl!^  lala^a^  b,  STl^nt 
t>.orla,uIlitou>  ■»■['".    "  ibomumiol  ui  orl  In  dlTlded  b;U>  inmueur,  ifag  guol  *U 

To  And  UieleBstli  of  apara^Uc«nrT«. 


V''B*irbu^4-lliUiHaUii|Hil(b(i|  X  I. 

Tl  j  %  and  uha  ft™n  Uh  ubliL  tde  BorTctnadlbB  mulib 


To  flnd  (be  area  of  a  parabola  tn  a  n  6. 

t»l°™''orVi "  "■  "Atuit  J^Jhii  bi^i""  Sill"  £"  '"*■ 

To  flnd  tbe  area  efa  parabolle  aan«,  DP  fpii^ 


HEKSURATIOS. 


Si;' " ' 


Vi  dmw  •  tangent  w  v,  rtg. «,  to  »  puPKbola,  frttm  wbtT  'V^^vA-  ■•- 
Th«  Cyelotd, 


lJmSSS,i„i^  HS^^u^'t'. 


ca 


r-Tirs^' 


:;sstts3«' 


rKiftxia. 
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MrffhM.  «lth«r  bar.  or  indlnad.  The  depth  of  the  bar  bottom  of  the  pit  being  determined 
M:  mad  the  Ivreli  botoc  tmken  at  everj  ooroer  of  the  aqumres,  we  are  thereby  furuisbed  with  the 
iMfthe  of  the  four  pttralwl  vertleal  tdgn  of  eaofa  of  the  reeultiag  nraetoms  of  earth.  In  Vigi  IOJ4  g 
■w  be  euppoeed  to  repreeeot  one  of  those  fruatuaie.* 

u  the  fk-u«tiuo  i«  that  of  ao  irr«a«<or4*aMed,  or  poljgooal  nriem.  flmt 
O*  Ite  oraaa  aootioa  porp  to  It*  aMoa,  into  triaaglea,  by  lines  drawn  fk«m 
nay  ooo  of  lu  angloa,  as  «,  Vlg  IQH.  Catealaie  the  area  of  each  of  these 
triaaglos  aeparately ;  then  oonsider  the  enure  frustum  to  be  made  up  of 
■>  many  trtangolar  otiea;  calculate  the  solidity  of  each  of  tbeae  by  the 
pnoedlag  mlo  for  triangular  frustama;  aad  add  them  together,  for  the 
MlUUf  of  the  entira  Craatam. 

The  solMlty  of  any  frastwin  wltateTor,  of 
any  prlbiii  whatever. 

Or  of  a  cylinder,  may  be  found  thus.  Consider  either  end  to  be  the  baae;  and 
iad  ita  arva.  Also  And  the  cen  of  grar  c  of  the  other  end ,  and  the  ptrp  diet  n  e, 
frum  the  baae  to  said  oen  of  grar.  Molt  this  dist  by  the  area  of  the  base. 
Fig.  lOX- 

To  Had  the  anrflftee  of  any  prism;  Flgrn.  S  to  10. 

Whether  right  or  oblique;  regular,  or  irregular;  molt  the  circnmf  of  one  end, 
by  the  p«rp  dist  p  to  the  other  end ;  this  gives  the  aurf  of  the  sides ;  to  which  add 
the  surf  or  area  of  the  two  ends,  when  reqd.  Or  mult  the  eirenmf  meaad  perp  to 
thaddao  bj  the  actual  length  •  i;  then  add  the  ends. 

CTIilNDERS. 

A  cylinder  is  spy  solid  wboee  enda  are  paralM, 
■fmilar.  and  equal  curved  figs ;  and  whose  sections 
parallel  to  tbe  ends  are  everywhere  the  same  as  the 
ends.  Henoe  there  are  circular,  elllptie,  (or  cvlin- 
drolda),  and  other  cylinders ;  but  when  not  othor- 
vlse  ezpresaed.  the  circular  one  is  understood.  A 
right  cylinder  is  one  whose  ends  are  perp  to  ito  sides, 
as  Fig  11 ;  when  otherwise,  it  Is  oblique,  as  Figi2. 
If  the  ends  of  a  right  cironlarcyllnder  be  cot  so  as  to 
auJie  it  oblique,  it  becomes  an  elliptic  one ;  because 
then  both  its  ends,  and  all  soctioDH  parallel  to  them, 
are  ellipses.  An  oblique  circular  cylinder  seldom 
eeeors;  it  may  be  conceived  of  by  iniagiuing  tbe 
two  ends  of  Kig  12  to  be  circles,  united  by  straight  \\ 

Haas  forming  Ita  curved  aides. 

To  find  the  solidity  of  any  cylinder. 

Whether  circular,  elliptic,  kc :  right  or  oblique ;  aa  in  prisms,  mult  the  area  of  one  end  by  tbe  perp 
dist,  B,  to  the  other  end.  Or  mult  the  area  mea»d  perp  to  the  sides,  by  the  actual  length  a  b,  Fig  11, 
11.    The  solidity  of  a  cyllader  la  S  timea  that  of  a  o6ne  of  the  aame  baae  and  height. 

To  And  the  surface  of  any  cylinder, 

Aa  In  prlama.  mnlt  the  cireumf  of  one  end  by  the  perp  dist  p  to  the  other  end ;  this  gives  the  surf  of 
the  sides;  to  which  add  tbat  of  the  ends  when  fcqd.  Or  mult  the  cireumf  measd  perp  to  the  sides  as 
at  e  r.  Fig  12.  by  tbe  actual  length  a  b.  Figs  11  and  12,  and  add  the  enda. 

Idi.  — The  solidity  of  a  right  cylinder  whose  height  equals  its  diam,  is  to  the  solidity  of  its 
hwribed  sphere,  aa  3  Is  to  2;  tbe  cttroed  surf  of  tbe  cylinder  (that  is,  iu  sides.)  is  eouai  to  tbe  surf 
•f  the  sphere :  and  tbe  entire  surf  of  tbe  cylinder,  including  its  ends,  is  to  the  surf  of  the  sphere 
it  t  to  X;  consequently  the  surf  of  tbe  two  ends  of  saeh  a  cylinder,  is  equal  to  half  the  surf  of  ita 
Any  atoirt  end,  0,  fig  IO]l|,  ia  an  ellipae,  of  greater  area  than  a  oirolo. 


To  And  the  solidity  of  a  cyl- 
Indrle     nniriila,    when    the 
cnttiniT  plAne  does  not  pass 
the  " 


FIgi  IS  and  H :  malt  the  area  of  Ita  base,  by  half 
tbe  anm  of  Iw  greatest  and  least  perp  lengths  on, 
tad  e  MS.  Or  mnlft  tha  area  maasd  perp  to  the 
fides,  aa  at «,  Fig  14,  by  the  half  sum  of  the  great- 
«it  Bod  laast  aetnal  lengths  o  t  and  g  m. 

To  And  the  snrflSsce  of  a  cyl- 
indrie  nnfrnla,  when  the 
cnttlnfT  plane  d«»es  not  pass 
throaffn  the  base. 

Halt  Um  olreamf  of  Ita  baae.  by  tbe  half  sum  of  its  greatest  and  V«a»l  v^tv  Vt!Ckf\V%  <^  i^>  -v^t 
c  a.    Tba  prod  will  b«  tbe  enrved  surf  of  the  sldei ;  to  wb\ob  aA&  \,b«  «ci&«  \X  t«^\-    vnt  -ni>a\\.\v.  ^ 
If  Bwanvd  pern  to  ftt  afdea.  aa  at  x.  Fig  U,  bj  tha  halt  ama  ot  VbA  cctMinx  vx^  V«mx  ^"^ 
r#A^aa.    AM  tbe  mdM If  nqd,  
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the  solid- 
'  qT  any  friia- 
■  of  any  pjr- 
ifd,  or  cone, 
len  the  liaae 
d  top  are  par* 
lei. 

«!.  Whether   recalar 

caUr,  right  or  oblique, 

tether  tihe  areas  of  the 

lad  top,  and  the  area  of 

Mao  proporttooal;  mult 

IB  by  ^d  of  the  perp 

;•  o,  Fig*  6  and  7.  betveen  the  bane  aad  top. 

:.  For  the  area  of  the  mean  proportional,  (whioh  is  not  the  area  halfway  between,  and  parallel 

he  eDdR.)  mult  together  the  areas  of  baee  and  top ;  and  take  the  sq  rt  of  the  prod. 

>2.  This  applies  only  to  the  right  circular  conical  frust.    Add  together  the  squares  of  the  two 

;  aad  the  pixM  of  the  two  dlams ;  mult  the  sum  by  3^d  the  perp  height  o  q  ;  molt  thep'rod  by.7£64. 

lad  the  Nurfaee  of  any  frastum  ofa  renrnlai*  rifrht  pyramid, 
r  cone,  Flf^s  6  and  7,  when  the  liase  and  top  are  parallel. 

1  togetlier  the  eireunifs  of  the  two  ends ;  molt  the  sum  by  the  tiaut  height  at',  take  half  the  prod, 
irtres  the  surf  of  the  sides :  to  which  add  that  of  the  ends  when  reqd.  lo  the  frustum  of  the 
lid,  the  slant  height  must  be  measd  tietween  the  middle*  *  and  t  of  two  eorrespondiog  sides  of 
tw.  sod  top.  Fig.  6. 

fc«  nramid  <s  not  regular ;  9r  if  U  U  ohUqvie,  then  the  surf  of  the  Bide*  must  be  obtained  for 
dd«  teparatelr  a*  a  trapezoid. 

WEDGES. 

a  b        «L  b      a  b 


Fi^8 


Fi$9 


F^io 
A  wed|(e 


R§ll 


itny  defined  to  be  a  eelld.  Fig*  8  and  0,  generated  by  a  plane  triangle,  ane,  moving  parallel  to 
ia  s  straight  line.  This  defloitioa  requires  that  the  two  triangular  ends  of  the  wedge  should  be 
«l;  but  a  wedge  may  be  shaped  as  in  Fig  10  or  II.  We  would  therefore  propose  the  following 
tiso,  which  embraces  all  the  (lg«;  besldea  Tarioae  modlficattiaBt  *f  Ihem.  A  solid  of  five  plane 
oae  of  which  is  a  parallelogram  abed,  two  opposite  sides  of  which,  as  a  c  and  b  d,  are  united 
SBS  of  two  triangular  faces  a  c  h.  and  (  <Im,  tto  an  edge  or  line  n  m.  parallel  to  the  other  opposite 
*  band  e  d.  The  parallelogram  ahcd  may  be  eitlMir  reetangnlar,  or  not;  tiie  two  triangular 
Bsy  be  similar,  or  not;  and  the  same  with  regard  to  the  other  two  Caees.  The  following  rule 
ieqoalijtoalL 

To  find  the  solidity  of  any  wedge. 

1  tsgether  the  length  of  the  edge  m  it.  and  twiee  the  length  •  i  or  e  d  of  the  baek ;  molt  the  snm 
!  perp  height  p.  from  the  edge  to  the  back ;  mult  this  prod  bj  the  bceadtb  of  the  baek,  measd 
0  its  two  sides  a  6  and  ed;  div  this  last  prod  by  6. 

PRISHOIBS. 


A  prlsmold  Is 

lid  bovaded  by  six  plane  sarfhoes.  of  whieh  bat  two,  as  a  &  e  <(  and  e/gh^  Figs  1  and  t,  are 

To  find  the  solidity  off  any  prtemnV^L. 

ttgetber  tbe  untu  of  tbt  two  parallel  Mirfh«es ;  and  tonr  l\in««  tVv«  %t««.  «X  VYa  im»K«<^  ^^i^ 
''^TST^  '*^  and  P»r»lJei  (o  then ;  mult  iKe  ram  by  tha  i»tp  A\»x\«(Ww<«»  ^'^'*i!"**'t^\T, 

maar  mugm  tbaa  tbom  «rhldl  ftoi  airteUT  v^n^  ai^ftn!MMt««  ifc*vA«»**** 


MS 
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BPMERES    OB   CII.OBBS. 
Aapb«m 

To  and  tke  •olMlty  «r  a  apliere.* 

To  And  tile  nnrfocc  of  m  spbere,* 

To  Hnd  the  ■olfdll^  or  a  ■pberlcnl  mvrnent. 
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BTENSURATIOK. 


•ph«rf.  that  th«  h«<tkt  or  tb«  a««erimMbcwn*tothe«aaartte«pkere.  TbeKftm, 
«urf  of  th«  who)«  »pb«rr.  «ith«r  by  nil«  «r  ttvm  th«  pnescdiBg  tmble ;  molt  it  by  tbo  hei 
vr  aott« :  ttiv  tbc  prwl  by  dbuM  ot  •pbcre.    Bvu  S.  MoU  kk«  curcaaf  of  (he  auhoe  br  i 

•r  lh«  aM.  ^ 


mUi^ty  of  a  spberic 

A«U  tofechor  Oo  i^wro  of  tho  tad  «  tf .  the  aqmu 
•aO.  S<t  «f  th«  oqnuv  ml  tho  porp  hcisbt  «•;  mail 
L^IW;  aailwillchu|ffQdbjth«Wi^ts«. 

4l  tk«  cvrrcd  mrfiftee  of  a 
ical  ■•ne. 

I.  Xolt  ta«Mhcr  tho  «iaB  m  m  of  tbe  ^pben 
•  •  «f  cik«  nne.  and  the  aamba-  S.I4I6.  Or  nee  prec 
Km-  MTf  «r  Mcacats.  Kale  S.  Molt  the  ctnumt  of  U 
tteh«ishl«(theaMe. 

MiMitjr  of  a  k«lIoii 
teal  akell. 


«««rUieth* 


8«l 


eftwoep; 
UekAatkaM  ihegn 


THE  RE«ri.AK   BOBI] 


ht  M^  «hk&  Uv  aH 
»Milt;ftr  a»i  <^«al  •» 

T^  ttiHI  tii«  aalMUtjr«  mr  «ii« 


ti  I»  mM  ao^ee. 

Tb«rc  areboiive 

MeamtSrmt,  mr  emb€, 

:  the  I>»imemedr9m, 

U"  cqailaaeni  iriaas 

r  aay  of  tbe 
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For  the  solidity  of  m  frnstnin, 

I,  the  suds  of  wbksh  are  perp  to  the  axis  r  c :  add  together  th* 
Bs  of  the  two  diaiud  a  h  and  g  h ;  mult  the  sunt  by  the  height  r  I; 
'h»  prod  bj  the  deoix^al  .3927. 

T9  Had  the  snrfliee  of  a  paraboloid, 

iIn  nd  •  r  of  iu  baae,  by  6.283S;  div  the  prod  by  13  times  the 

B  of  the  height  r  c :  call  the  qnot  p.  Then  add  together  the  square 

t  rad  a  r,  and  4  time«  the  square  of  tno  height  r  c.    Cube  the 

take  the  sq  rt  of  this  cube ;  from  tl\e  sq  ct  subtract  the  cube  of 

d  •  r.    If  ult  the  rem  by  p< 

Mf  the  solidity,  or  the  surface  of  a  fruRtum.  abg  h,  when  ghU 

tiUt  ah,  may  be  found  by  calculating  for  the  whole  paraboloid. 

r  the  upper  portion  e  ^  A,  as  two  separate  paraboloids,  and  taking  their  dilL 

THK   CIRCriiAR  SPINDJLE, 

oUd  a  6  n  f  generated  by  the  revolntioa  of  a  circular  segment 
I  a,  around  lu  chord  a  n  as  an  axis. 

To  And  Its  solidity. 

K  L  First  find  the  area  of  a  Z>  e,  or  half  the  generatlug  circular 
Bt.  Then  to  the  square  of '<i'e.  add  the  square  of  5  e ;  div  tho  sum 
;  from  tile  quot  take  6  e;  mult  the  rem  by  the  area  of  a  0  A ;  call 
tip.  Cube  as;  div  the  cube  by  S;  from  the  quot  take  p.  Uultthe 
r  1S.&664. 

B  S.  When  the  dist  0  e  Is  known,  fk-om  the  center  of  the  circle  to 
1  of  the  spindle,  then  mult  that  dist  o  «.  by  the  area  of  a  &  0 ;  call 
id  p :  cnbe  «  e;  div  the  cube  by  3 ;  from  the  quot  take  y ;  molt  the 
■12.5864. 

To  find  Its  surface. 

I I.  First  find  the  length  of  the  circular  arc  ahn;  and  mult  it  by 
1 0  •  flrom  tbecenter  of  the  circle  to  the  center  of  the  spindle.  Call 
Ml  p.  Next  Diuit  the  length  a  n  of  the  spindle,  by  the  rad  0  2»  of  the  cirde. 
;  mutt  the  rem  by  8.2832. 
:  t.  First  find  the  length  of  the  are  abn.  Square  a  e ;  also  square  h  0 ;  add  these  squares 
t:  div  their  sum  by  b  y ;  call  the  quot  «;  and  mult  it  by  a  n ;  call  the  prod  p.  Next  from  s  take 
ult  the  rrtra  by  the  length  of  the  are  a  b  n.    Subtract  the  prod  from  p ;  mult  the  rem  by  6.2832. 

lad  tbe  solidity  of  a  middle  zone  of  a  circular  spintlle. 


From  the  prod 


iC****""^)^^*)  -(o«X»reaofyAl»)  1 


X  6.2832. 


^     •     ^B 


PLANE  TEIGONOMETRY. 


1  trlfoaometry  teadiet  how  to  find  oertain  unknown  parts  of  plane,  or  straight  •  sided  trl- 
by  means  of  other  parts  which  are  known;  and  thus  enables  us  to  measure  inaccessible  dis- 
ke.  A  triangle  consists  of  six  parts,  namely,  three  sides,  and  three  angles ;  and  if  we  know 
ree  of  tiiese.  (except  the  three  angles,  and  in  the  ambiguous  case  under  "Case  2,")  we  can  find 
er  thrae.  The  following  four  cases  include  the  whole  subject ;  the  student  should  commit  them 
lary. 

IS  1.   KaTinff  any  two  ancrles*  and  one  side,  to  find  tlie 
other  sides  and  anirle. 

the  two  angles  together:  and  subtract  their  sum  from  180°;  the  rem 
the  third  angle.    And  for  the  sides,  as 

le  of  tiM  angle     .  Sine  of  the  angle 
f  the  given  side    •  opp  (he  rcqd  side 

the  side  thus  found,  as  the  given  one;  and  In  the  same  manner  find 
rd  side.  As  a  practical  example  of  tbe  use  of  Case  1,  if  we  measure 
e  or  side  a  b  along  one  shore  of  a  river ;  and  alao  the  two  angles 
ae.  to  an  object  e  on  the  *ppoaite  shore,  we  can  calculate  tho  dist  a  «, 
te  that  objeet;  or  by  drawing  the  triangle  on  paper,  to  a  scale,  we  can 
ird  meAsnre  a  e,  or  6  e  by  the  scale. 


;  given  side  :  reqd  side. 


) 


8.  Kavinff  two  sides,  and  the  ang^le  opposite  to  one  of 

them, 

I  the  other  side,  and  angles.    This  Is  of  one  only  when  that  given  side  which  la  opp  the  given 

to  M  loBf.  or  longtf  than  the  other  given  side. 

Side  opp  the  .  Side  opp  the  .  .  Sine  of  angle      .  Sine  of  Mi«|b& 
gIfMi  angle   •  r^  angle      *  *  opp  the  former   ■  ov^\!h«\«X.Mn. 

rhaad  th»  tiae,  take  oat  tbe  corresponding  angle  from  tbe  \«\A«  ot  xmX  A'MA. 


mtaaad  tae  tiae,  teme  out  toe  corresponaing  angle  itom  tne  %atA«  o\  ik«v  «««».  .  _.  ^«, 
When  tbegtrea  $Ue  0  c.  next  Fig.  oppoilte  tbe  glTen  angle  ah  e,  \«  shortefr X\k«a.^^Ac»Viv«  ^^«« 
dwv  tttf  mbere  pnpor^on  atone  does  not  mabto  ns  to  deienn\ii«  ««  «^«  'P*"'*^  \  v»  wX« 
imOerbmrntw  drmwa  tbe  etde  a  ft.  and  hiid  down"  tbe  Arva.  m\e  ab  c  aii^  **^^\*^jJi^^ 
miM,  w»  mn^  Ml  wbetber  tb»  length  ot  ah  U  tob«  toMiiktwwaaVi  c,ot  Itom  *"« 
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If  a  c  1«  u  long  or  loagtr  thao  a  b,  there  eaa  b«  no  AoaDt;  for  in  that  eaM  It 
cannot  be  drawn  toward  6,  but  only  toward  «,  ae  in  the  Fig.  Therefore,  in  lukina 
field- notei,  the  two  ■idei  and  the  angle  opp  one  of  them,  mnat  not  be  depeude« 
upon  as  suffloient  data. 

Case  3.  HaTliiK  two  •ides,  and  the  an^le  In* 
eluded  between  them. 

Take  the  angle  from  180° ;  the  rem  will  be  the  aam  of  the  two  nnknown  anglea. 
DW  this  sum  by  'i ;  and  find  the  uat  tang  of  the  qnot.    Then  at 

The  sum  of  the    .    Th»ir  difr  •  •  '^'^8  of  balf  the  lom  .  Tang  of  half 

two  given  sides   •    '"<'*'^***"  •  •  of  the  two  unknown  anglee   •  their  diff. 

Take  from  the  table  of  nat  taug,  the  angle  oppoeite  this  last  tang.     Add  thif 
angle  to  the  half  suui  of  the  two  unknown  angles,  and  it  will  give  the  angle  opp  tbi 
longest  given  side;  and  subtract  it  from  the  same  half  sum,  for  the  angle  opp  thr 
shortest  given  side.  Having  thus  found  the  angles,  find  the  third  side  oy  Case  I- 
▲s  a  practical  example  of  the  use  of  Case  S,  we  can  aaoertain  the  diet  n  m  acrois 
n  a  deep  pond,  by  measuring  two 

' '  lines  n  o  and  m  o ;  and  the  an- 

gle  nom.  From  this  data  we 
may  calculate  n  t» ;  or  by  draw- 
ing the  two  sides,  and  the  angle 
on  paper,  by  a  scale,  we  can 
afterward  measure  nm  on  the 
drawing. 

Case  4.  BlaTtniT  the 
three  sides. 

To  find  the  three  angles ;  upon  one  side  •  &  as  a  base,  draw  (or  suppose  to  be  drawn)  a  perp  eg  from 
the  opposite  angle  e.  Find  the  diff  between  the  other  two  sides,  ae  and  cb:  also  their  eum.  Then, as 

Th«  h>M  •  S"™  o'  *''®  •  •  Diff  of  other  ,  Diff  of  the  two 

loe  oase  ,  q^^^^^  ^,^q  gl^^,    .  .  ^wo  sides       •  partA  ag  ahd  bg,  of  the  base. 

Add  ha^  this  diff  of  the  parts,  to  half  (he  base  a  6;  the  sum  will  be  the  longest  part  ag;  which 
taken  from  the  whole  base,  gives  the  shortest  party  b.  By  this  means  we  get  in  each  of  the  small  tri- 
angles a  eg  and  eg b,  two  sides,  (namely,  a  e  and  a g ;  and  e 6  and  g  b;)  and  an  angle  (namely,  the 
rlgnt  angle  coa,  or  c  y  6)  opposite  to  one  of  the  given  sides.  Therefore,  use  Case  S  for  finding  (IM 
angles  a  and  o.    Wlien  that  is  done,  take  their  sum  ft^m  ISO'',  for  the  angle  a  c  b. 

The  following  are  useful  examples  of  trigonometry. 


m  to  an  §na»» 


Ex.  1.    To  find  the  dtst  fWnn 
cessible  object  c. 

Measure  a  line  a  b ;  and  from  itfc  ends  measure  the  angles  eab  and 
cb  a.  Thus  having  found  oue  side  and  two  angles  of  the  triangle  a  be, 
calculate  a  c  by  meant  of  Case  1.  Or  If  extreme  accuracy  is  not  reqd, 
draw  the  line  a  ft  on  paper  to  auy  convenient  scale ;  then  by  means  of  a 
protractor  lay  off  the  angles  c  a  6,  c  &  a;  and  draw  a  «  and  c  6 ;  then  meas* 
ure  a  c  by  the  same  scale.  When  possible,  it  is  well  to  make  a  b  about 
ae  long  as  a  e  is  supposed  to  be ;  but  when  •  c  is  very  long,  this  often  can* 
not  be  done ;  and  we  must  be  content  with  a  much  shorter  base  a  b :  in 
which  case  care  should  be  taken  to  measure  the  augles  with  great  aooa> 
racy,  as  a  slight  error  in  them  will  then  cause  a  greater  error  In  a  e. 

^  £x.  2.   To  find  the  heigrht  of  a  verHeai 

''  object,  n  a. 

Place  the  instrument  for  measuring  angles,  at  any  eonm* 
nient  spot  o :  also  meas  the  dist  e  a :  or  if  o  a  cannot  be  actually 
measd  In  consequence  of  some  obRtscIe,  calculate  it  by  the 
same  process  as  a  e  in  Fig  1.  Then,  first  directing  the  instm* 
meat  horizontally,*  as  o  t.  measure  the  angle  of  depression, 
«  o  a,  say  120;  also  the  aagle  «  e  m,  say  30^*.  These  two  an|^ 
added  together,  give  the  angle  mon,  A2P.  Now.  in  the  small 
triangle  o  s  a  we  have  the  angle  o  «  a  equal  to  90°,  because  a  n 
Is  vert,  and  o  «  hor ;  and  since  the  three  angles  of  anv  triangle 
are  equal  to  180°.  if  we  subtract  the  angles  oaa  (90°)'.  and  toa 
(12°)  from  180°.  the  rem  (78°)  will  be  the  angle  o  a  «  or  o  a  n. 
Therefore,  in  the  triangle  o  n o,  we  have  one  side  o  a:  itaA  two 
angles  a  on,  and  o  a  n,  to  ealeulate  the  side  a  n  by  Case  1. 

*  The  instrument  in  our  examples,  is  supposed  to  measure  both  rert  and  hor  angles,  on  the  mum 
principle  as  a  theodolite,  or  the  common  engineer's  transit  with  a  graduated  vert  aitk  The  sides  of 
such  triangles  as  are  upon  the  ground  (In  distinction  to  the  imaginary  sides  of  vert  triangles,  such  ae 

in  Figs  2.'8,  4.  Ac.)  must  be  measd  hor.  aa 
well  as  their  angles.  The  graduated  tor 
circle  nf  the  Instrument  evidently  meas- 
■res  the  angle  between  two  objects  hori- 
soiitally,  no  matter  how  much  hiprher  one 
of  them  may  be  thao  the  other :  one  pet- 
haps  requiring  the  telemope  of  the  instm* 
ment  to  be  dlreoted  upward  toward  it; 
and  tbe  other  downward.  If,  therefore, 
the  tldea  ot  ti\«,'ng\««  \^«i(  u'^wa  «Vw9ln4 
Krofnad,  am  not  a\m  TUAa^LVn.^SMin  «w 
MiM«QiMirtaaM\Mbwe«&^tet«n.  llVv 


In  b  Ua  MHlh  D  n  •.  lb  )1TID  ■'<] 

uiti  SSmmn,  in'ia  Pk  >.  loiiMd  or  Mdi 
MHliSM.-uairiMttflannHlikt. 

>HiHL  T*th>l  l1i!l>Dtl>  >'<■  uupUd  I  iiluub- 

•XT  llH  Thn  cU  •tjKl  liHlLiiH.  ihi  fib 

>l  i^lTa  c    Thetlin*.  Hit  iWi  vDlsh  Bm3|i«idi  •lib  Ibia  k»(  uf  U  I  •  n.  <•  lU  heir  dhi  I  ■ . 
MHllkaiiliiv<W^»*<-    I>  Hbif  nnli,  abn  Uda  ud  uiU  an  «.  ilopHii  uniuil,  n  di 

Vbit  (  anusl  !•  md.  Iki  ii^IbniMii  ot^tni  u  dll 
IihMI  kirr.  br  Im  pludnf  tws  nn  rodi  o  nd  >. 
hnifiwlik  Qu^iJtMij  Hd  lh«  laUiii  Lki  bw 

HAiMtu  ■■uniwii.iMi :  Maun  IH)  rMi  innTd 


•UL7T('>l£n'*r^'^  SI'°.'[J' 


lr0Drd*DHDIPJlbB1>Hll^inunDt.cTlte\Ml%Vff*-    *?« 

pjD-b«lHi  ftpd  UM  niletwnvavdvHhi^pTvibihtMit. 
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Fig.  6. 


^^:^;:3m 


its  BDgle  y  l<  of  inellnsUon  with  the  horixon  foand  at  befbn 
In  whicb  case  the  diat  a  n  U  osloulatcd.  Or  if  the  vert  height  ei 
Is  lODgbt,  the  point  e  may  first  be  foand  hj  lighting  opvar 
along  a  plumb-line  held  above  the  head. 

Ex.  3.   To  find  the  approximate  belffht 
«  at;^  of  a  mountain. 

Of  which,  perhaps,  onl;  the  vei^  aaraniit,  x,  Ii  viilhle  abon 
Interposing  forests,  or  other  obstaolea;  but  the  dist.  mi,  of  wliiel 
is  known.    In  this  case,  first  direct  the  instrument  hor,  as  m  t ; 

and  then  measure  the  angle  i  m  x. 
Then  in  the  triangle  <  m  x  we  bare 
one  side  mi:  the  measd  angle  imx, 
and  the  angle  m  i  x  (90°),  to  find  (a 
by  Case  1.  But  to  this  i  x  we  most 
add  { o,  equal  to  the  height  jrm  of  tbs 
Instrument  above  the  ground:  and 
also  o  «.  Now.  o  «  in  apparentljf  doe 
entlrelT  to  the  curvature  of  the  earth, 
which  Is  equal  to  very  nearly  8  ins,  er 
.667  ft  in  one  ntilo:  and  increases  as 
the  squares  of  the  dists;  being  4 
times  8  ins  in  2  miles ;  9  times  Sins 
n  3  miles,  &c.  Bat  this  is  somewhat  diminished  by  the  refMotlon  of  the  atmosphere ;  whieh  rarisa 
with  temperature,  moisture,  &o;  but  alwavs  tends  to  make  the  ohject  x  appear  higher  than  tt 

actually  is.*    At  an  average,  this  dooeptire  deration  amonntt  to  aboat  yth  part  of  the  enrrafri  of 

the  earth ;  and  like  the  latter,  it  varies  with  the  squares  of  the  distt.  Oonseqnently  if  we  inbtnot  y 

part  from  *<  in!<,  or  .667  ft,  we  have  at  once  the  combined  effect  of  eunratare  and  refraction  flir  oM 
luiUv  (v|iial  to  (>.t<o7  ins,  or  .5717  ft :  aad  for  other  dist-i,  as  shown  in  the  following  Uble,  by  the  HI 
of  which  wc  avoid  the  necessity  of  making  Beparate  all«wanoes  for  ounrature  and  refraction. 

Table  of  allowances  to  be  added  for  cnrvatnre  of  tlie  carChi 

and  for  refraction ;  eombined.f 


Diit. 

Allow. 

Dist. 

1 

Allow. 

Dist. 

Allow. 

Dist. 

Allow. 

iu  yards. 

feet. 

in  miles. 

feet. 

.In  miles. 

fleet. 

In  miles. 

ftec 

ll» 

.IH)2 

H 

.0:^6 

6 

20.6 

20 

229 

IfH) 

.IKU 

n 

.143 

7 

28.0 

22 

277 

2lU) 

.M7 

.321 

8 

86.6 

25 

857 

3tH) 

.017 

,     1 

.572 

9 

46.3 

30 

514 

400 

.tKlO 

1^4 

.893     ! 

10 

57.2 

35 

700 

f)lH) 

.040 

1.29 

11 

69.2 

40 

916 

r»(H» 

.Oot? 

1.75 

12 

82.3 

45 

1168 

700 

.Oi»0     ■ 

2 

2.29 

13 

96.6 

60 

1429 

soo    , 

.lis 

.      21^ 

3.67 

14 

112 

'       55 

1729 

••00 

.140 

3 

5.14 

15 

129 

j       60 

2058 

liUK>     ! 

.1»<0 

3».:J 

7.00 

16 

146 

!       70 

2801 

IJOO 

.•JtW 

,      4 

9.15 

17 

165 

!       80 

8658 

1;.00 

.415 

i      4»4 

11.6        1 

18 

185 

;       90 

4631 

1\UH» 

.7as 

6 

14.3 

.      19 

206 

100 

5717 

rill-  \  .MUX  <tuiltM)t  must  distiuRui.^h  between  a  Ikor  line,  and  a  lerH  one.  A  straight  line  cannot  be 
a  lo\f!  .Hit-.  rt\(>  our\e  of  tlie  earth,  ait  exemplified  in  an  expanse  of  quiet  water,  is  level.  In  FI<  7, 
i''  »(■  Mipp(«o  tlio  oiir\  Oil  Hue  f  y  <  y  to  repre«ent  the  surfac«  of  the  sea,  then  t.>ie  points  f  ys  and  g  are 
t>ti  n  l«-\i-l  with  e:toU  other:  that  is.  they  are  equally  dist  from  the  center  of  the  earth;  butthehnr 
lull-  V  ><  i'«  <-ii(  of  U>\  el  by  the  (list  o  «.  *The  height'of  x  above  jr.  is  not  o  x,  but  a  x.  In  short  dUts, 
ttio  vti!)'  '.tk-iwivii  a  hor  liuo  and  level  one,  is  nut  appn>eiable:  aad  in  such  eaaea  it  becomes  a  matlHr  of 
i;r\>ut  Ov'inouioiuv  m  praotice  to  regard  them  as  the  name  thing. 

V.^L.  I.    If  the  inaccefuilble  vert  belfrlit  « #f,  FImt  8, 

/«  «,i  «:.-■,. iri.l  !'-,  it  '.f  ■•  tnm^  rf.tfk  u  if  .i.'/.  then  place  the  In<tnireent  for  mea^nrioc  anirit*.  ataaj 
i>.<ii\fiut-:u  s  -.<t  -i  .  aii-t  ill  ran<e  U'ltreen  n  and  d,  piant  twn  staffs.  whoM>  top*  o  and  i  shall  range 
piivi^oU  \v  -.<  !i  •:  ;h.>a!;h  thev  nervl  not  l»e  on  t^e  same  level  or  hor  line  with  it.  Meaanre  no:  alw 
ti  ,<ni  ■■  iit.-.k^iii  <■  (1.0  .itii;lt>s  o  'I  d  an.l  o  t ,-.     Then  move  the  instrument  to  the  precise  spot  prerkMsij 


M  hioli  ho  h.ul  no  t  lo:t.   Die  neev«ssary  allowaoMs  for  earratnre  and  ref>«etion.  maybe  taken  IhMBtlM 
t.»T'l.'  tuoii  h'.s'xo   on  till'*  pHj^e. 

Vim  in<'.,-  n  I  o«o  M.loii  atv  iu  the  pn^portlon  of  S.  4.  and  5.  i«  right-ancled :  and  ooe  whoee  sldoeari 
M«  ; .  : .  .i-.i  <i  >i ,  o.Mitaiui  I  rii;ht  an<lo :  an.t  ?  angles  of  'k'>~  earh.     As  it  is  frvninently  nceeisiary  M 
/■I- ./.•II/:    <>:.,.'.•,  .Y  4.S  '  Jill. i  .''tt' oil  the  ^n^nnd.  tnes«  pmportiiMts  raav  be  used  frr-ttic  parposf,  by 
*/y.i//.;j,  .■$  ;•;.(,. II  .•.'"  4  frtfif  liiit'  or  ohaiu  into  such  a  irlanc\«.  aaA  &T\tVat  a  ««ak«  at  each  angle. 

*  /'.•«  ••ft  •'.,  1  -  f*,.,.,,  .•»;.r,.«e»l  by  ^^»od  authi>rity.  as  to  th*  Vast  pan.  of  \^\»  efonai 
^  /"  <-•  ■..■..•:.•.•;  irr filing,  tf  aUi>vao«««  art  tubtr^titA.    Uto m «ka«niav< 


PLAKE  TBIOONOHETKY. 


r.i  8  KpiSi-S       Fig  9 


taHlbuiru!  ud  Uiii  IWEHliM  u  run      ^  ^      . 

il  M  U.  It  ntulnl.    Bj  dii>lii|  s  in  so  pi-  hil^m 

«  unrnlt>lil>pdat>.  iKfukilhaiDaUijiie  (tW^^^^^^A 

■•llll<llHiii|l>E|>i.nilmwnntktdliIp>.  fw  .]  l  TtTP^E**^!!^  .  1. 

(yatOMIir  IffCutli  lolD.  Ut  .IH^  ui(la  XCSi* jfeffl  If/  " 


■yH^^IrsH^Hsr-S  .       ^'^12 


mS^imV^'w^^'ic 
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PLANE  TBIGONOMETRT. 


ii 


grbn&d,  fo  ii  the  leoKth  of  the  ibadow  of  the  ot^Mt,  to  Ui  heighL    If  the  ol4«oi  is  tfieUiMd 
mut  be  equally  inclined. 

The  foUov^g  exunplei  mmj  be  regarded  as  labeUtntei  for  atriot  t 
try :  and  will  at  times  be  asenil.  in  ease  a  table  of  sines,  Ac,  is  not  at 
making  trigonometrical  oaioolations. 

Ex.  S.  To  flnd  tlie  disi  a  b,  of  wtalcli  one  em 

Is'  aeeeaalble. 

Drlre  a  stake  at  any  oonvenlent  point  a ;  from  a  lay  off  any  angle 
tlM  line  a  e,  at  any  convenient  point  e,  drive  a  stake;  and  ttom  e  lay  of 
aed,  equal  to  the  angle  hae.  In  tbe  line  e  d,  at  a«y  eonTenlentp< 
drive  a  stake.  Then,  standing  at  d,  and  looking  at  b,  place  a  stake  < 
with  d  h ;  and  at  tbe  same  time  in  tbe  line  a  c.  Measure  a  o,  o  c,  and  < 
from  tbe  principle  of  similar  triangles,  as 

oc  i  cd  ::  ao  :  ah. 


Or  itaasi 

Fig  Itfisk  being  the.dist,  plaoe  a  stake  at  n;  and  lar  off  tbe  apgle  k 
At  any  oonvenlent  dtst  n  m,  place  a  stake  in.  Make  the  angle  h  m  ysf 
plaoe  a  stake  at  jr.  in  range  with  A  n.  Measure  n  y  and  n  m ;  then, 
prlneiplnof  sinUlar  triangles,  as 

Or  tliRS>  Fig  19.  Lay  off  tbe  angle  h  n  m  =  8(K*,  nladng  a  stake  t 
ooBvenient  di<«t  n  m.    Measure  «  m.    Also  measure  die  angle  n  m  A. 
tangof nmJklgr Table ihlOS.    MmU this nat Mmg by « «k   TbeprodH 


I 


Ii<5l5 


On  tliaB,  wltlioat 

any  niAvle; 

t  u  being  the  di«t.  Make  «  v  of  any  et 
length,  in  range  with  I «.  Measure  any 
o  9  equal  to  It,  in  range.  Measure  ti  o 
equal  to  it  in  range.  Plaoe  a  stake  jr  in  r 
both  X  y,  and  ( e.  Then  will  y  a  be  botl 
<  It,  and  parallel  to  it. 


Il 


Or  ttaa«9  witlioat  meiMiiirlas  any  ang 

Drive  two  stakes  I  and  u,  in  range  with  the  object  s.  From  t  \t 
couTenient  dist  t  *,  in  any  direction.  From  u  lay  off  ti  10  parnll 
placing  w  io  range  with  a  s.  Make  u  v  equal  totx.  Measure  10  v, 
X  t.    Then,  as 

we  :  «s  ::  flsl :  <«. 


^j^// 


Ex.  9.   To  find  the  dlst  a  K  of  wtalc 
ends  only  are  aeeessible. 

From  a  lay  off  the  angle  hae;  and  from  6,  the  nngle  a 
90°.  Make  a  e  and  hd  equal  to  each  other.  Then,  ce{  = 
a  b  may  te  considered  as  ttrt  dlstaoross  the  river  in  Figs 
14;  and  be  ascertained  in  the  v.avae  way.  Or  measure  any 
I7t  a  o ;  and  make  4  n  in  Une  an4  equaX  vo  V..    XVm  met 

and  make  o  m  in  line  and  eqna\  \o  W.    tYntu  -wKW  mn  \a\ 

JeJ  ioob,  »o<l  equal  to  it. 


PIAHB  TBIGONOUBTRT. 


I?'' 


[.  11.  Tn  and  me  position  of  »  point, »,  FIk  IB. 


ta>"Jj^.|*« 


fi§'9 
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CONTEXTS  OF  CTLINDEB3,  OB  PIPES. 


TABIiE  of  Contents  in  Cub  Ft,  and  in  U.  S.  OiUIOMi 

or  231  cub  iud  (or  lAsOo  gals  to  a  cub  ft) ;  and  for  one  foot  of  length  of  the  ejlf nder.  Fortheooaim 
for  a  greater  diam  than  any  iu  the  table,  take  the  quantity  opposite  on^hatf  said  dlam ;  and  malt  H 
by  4.  Thu:4.  the  number  of  cub  ft  in  one  ft  length  of  a  pipe  tO  inches  in  diam  is  equal  to  8.7X7  X  i 
=  31.9)9  cub  ft.    So  also  with  gallons,  and  areas.  Noerron. 


For  1ft.  in 

For  1  ft  in 

For  1  ft.  In 

length. 

length. 

length. 

Diam. 

Diara. 

Diaai. 
in 

Diam. 
in  deci- 

Dlam. 

Diam. 
in  deci- 

in    In  fiecl- 

.  a 

^  « 

j5 

w  « 

•;.£          »!■  • 

las.     tuals  of 

3i«  . 

c  a 

Ins. 

mals  of 

$f  J 

o  a 

in 

mals  of 

s«  • 

a  foot. 

fc£c 

1^ 

afoot. 

bi^d 

i-<i 

Ins. 

afoot. 

fcgC 

s« 

.  9t     . 

O  9 

•  ••  ^ 

.S  a 

.  *  ^ 

o  a 

^jS" 

-S 

■Ss- 

^2 

^22^ 

^o 

«5 

n 

% 

«3 

^'a 

19. 

«5 

«5 

H 

.0208 

.0003 

.0026 

.6626 

.2485 

1.869 

1.6S3 

1.969 

14.78 

5-lt5;  .0260 

.0005 

.0040 

7. 

.6833 

.2678 

1.999 

H 

1.626 

2.074 

16.51 

%    .0313 

.0003 

.0057 

¥ 

.6042 

.2867 

2.146 

20. 

1.667 

2.182 

16.32 

7-16    .0365  . 

.0010 

.0078 

.6260 

.8068 

2.295 

H 

1.708 

2.292 

17.15 

y^    0417 

.0014 

.0102 

74 

.6458 

.3276 

2.450 

2i. 

1.760 

2.406 

17:00 

9-l»).  .0409 

.0017 

.01-29 

8. 

.6667 

.8491 

2.611 

^ 

1.792 

2.621 

18.86 

%    .0521  • 

.0021 

.0169 

8 

.6876 

.3712 

2.777 

22. 

1.833 

2.640 

1975 

11-16    .0573 

.0026 

.0193 

.7083 

.3941 

2.948 

^ 

1.876 

2.761 

2ae6 

^    .0025 

.0031 

.0-2:50 

74 

.7292 

.4176 

3.126 

23. 

1.917 

2.8S6  1  21J>8 

l;}-16    .0(^77 

.0)36 

.0269 

9. 

.7600 

.4418 

3.306 

H 

1.96^S 

3  012  1  22J>3 

%    .072J 

.0042 

.0312 

K 

.7708 

.4667 

3.491 

24. 

2.000 

8.142     23.50 

15-10    AM<\ 

.004.8 

.0359 

12 

.7917 

.4922 

3.682 

26. 

2.083 

3.409 

25.50 

1.        ;  .083 i 

.0055 

.0408 

.81-25 

.5186 

3.879 

26. 

2.187 

8.687 

27.5S 

%    .1042 

.0085 

.OftJS 

10.* 

.8333 

.6464 

4.080 

27. 

2.250 

8.976     29.74 

U    .1250 
%    .1458 

.0123 

.0918 

K 

.8542 

.6730 

4.286 

28. 

2.3,^3 

4.276     31.90 

.0167 

.1249 

74 

.8750 

.6013 

4.498 

29. 

2.417 

4.687     84.31 

2.        .   .1007 

.0218 

.1632 

.8958 

.6303 

4.7  IS 

30. 

2.600 

4.909t    36.72 

%    A^lo 

.0276 

.2066 

u. 

.9167 

.6600 

4.937 

31. 

2.683 

6.241  1  89.21 

14    .2083 

.0.341 

.2550 

Yi 

.9376 

.6903 

6.164 

32. 

2.667 

6  686 

41.78 

^    .2-202 

.0412 

.3085 

.9583 

.7213 

6.S96 

33. 

2;760 

6.940 

44.43 

3.        1  .2500 

.0491 

.3672 

74 

.9792 

.7530 

6.633 

34. 

2.833 

6.306     47.16 

i<:  .270S 

.0.576 

.4:509 

12. 

1  Foot. 

.7864 

5.876 

36. 

2.917 

6.681     40.08 

U    .2017 

.0068 

.4998 

^ 

1.042 

.8522 

6.376 

:56. 

8000 

7.069 

62.88 

^    .3125 

.07r»7 

.573S 

13. 

1.083 

.9218 

6.896 

37. 

8.083 

7.467 

65.^6 

4.       ;  .:W33 

.0873 

.6528 

H 

1.125 

.9940 

7.438 

38. 

3.167 

7.876 

68.03 

^i    .3542 

.0085 

.7369 

14. 

1.167 

1.069 

7.997 

39. 

8.260 

8.296 

62.06 

V,    .3750 

.1104 

.8263 

H 

1.208 

1.147 

8.67« 

40. 

3.333 

8.7Z7 

65.28 

3^    ..n'..5S 

.1231 

.9206 

15. 

1.250 

1.227 

9.180 

41. 

8.417 

9.168 

68.58 

5.           .4107 

.1364 

1.020 

H 

1.-292 

1.310 

9.801 

42. 

3.500 

9.621    njn 

y-i    .4375 

.1503 

1.1 26 

16. 

1.333 

1h(96 

10.44 

43. 

3.683 

10.085  !  75.44 

1;;    .45^;i 

.1050 

1.2.34 

H 

1.376 

1.486 

11.11 

44. 

8.667 

10.669  •  78.99 

^4  .■»:'-'2  1 

.1X01 

i.:uo 

17. 

1.417 

1.576 

11.79 

46. 

3.760 

11.045  1  82.62 

6              .5l)(>  1 

.1003 

1.469 

H 

1.458 

1.670 

12.49 

46. 

3.833 

11.641  ;  86.38 

»  ;     .5•J()^    ' 

.2131 

l..'i94 

18. 

1.500 

1.767 

13.22 

47. 

3917 

12.048  :  90.13 

1, 

.5417 

1 

.2304 

1.724 

^ 

1.542 

1 

1.867 

13.96 

48. 

4.000 

12.666  j  94.00 

I 

For  (he  weiHrht  of  water  in  I  foot  ienfftii  of  pipe. 

2>^,  page  640. 


See  Table 
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48  SQUABB  AND  CCBR  BOOTS. 

■qnare  B«*l*  Md  Oaibe  BooM  of  HUBibaTa  rr*ia  .1  to 


Wo- 

aqoire. 

Onto. 

8q  Bt 

D.     Bq.  Bt,   0,  Bt. 

1 

Ml 

'm 

;mi5 

ia 
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Is 
J/ 
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1 
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8QUAB£8|  CUBES,  AND  BOOTS. 
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JIIiE  of  SquAres.  Cubes,  Sgnare  Rootii,  and  Cube  Roots, 
of  Nnmbers  li>oin  1  to  1000. 

umx  o«  THB  voLLOwna  Tablb.    Wherever  the  effect  of  a  fifth  decimal  in  the  root*  would  be  to 
to  the  fourth  and  final  decimal  in  the  Ubie,  the  addition  haa  been  made.  No  errors. 


SQuare. 


1 

4 

9 

16 

25 

86 
49 
64 
81 
100 

121 
144 
169 
196 
225 

256 

tea 

324 
961 
400 

441 
484 
629 
576 
625 

676 
729 
784 
841 
900 

961 
1094 
1089 
1156 
1225 

1296 
1369 
1444 
1521 
1600 

1681 
1764 
1449 
1936 
2025 

2116 
2209 
2104 
2401 
2500 

2601 
2704 
3809 
2916 
8025 

8186 
9249 
8384 


Onbe. 


1 

8 

27 

64 

125 

216 
343 
512 
729 
1000 

1331 
1728 
2197 
2744 
8375 

4096 
4913 
58:)2 
6859 
8000 

9261 
10648 
1-2167 
13824 
15625 

17576 
19683 
21952 
21389 
27000 

29791 
82768 
85937 
89304 

4*2875 

46656 
50653 
54873 
59319 
64000 

68921 
74088 
79507 
85184 
91125 

97336 
10.1823 
110592 
117649 
125000 

132651 
140606 
148877 
157464 
166875 

175616 
185193 
19511i 
S03S79 

neooo 


8q.  Bt. 


1.0000 
1.4142 
1.7321 
2.0000 
2.2361 

2.4495 
2.6438 
2.8284 
3.0000 
8.1623 

8.3166 
8.4641 
8.6056 
8.7417 
8.8730 

4.0000 
4.1231 
4.2426 
4.3589 
4.4721 

4.5826 
4.6901 
4.7958 
4.8990 
5.0000 


0993 
I96i 
2915 
3852 
4772 


O.  Bt. 


5.5678 
5.6569 
5.7446 
5.8310 
5.9161 

6.0000 
6.0828 
6.1644 
6.2450 
6.3246 

6.4031 
6.4807 
6.5574 
6.6332 
6.7082 

6.7823 
6.8557 
6.9282 
7.0000 
7.0711 


1.0000 
1.2599 
1.4422 
1.5871 
1.7100 

1.8171 
1.9129 
2.0000 
2.0801 
2.1544 

2.2240 
2.2894 
2.3513 
2.4101 
2.4662 

2.5198 
2.5713 
2.6207 
2.6684 
2.7141 

2.7589 
2.8020 
2.8439 
2.8843 
2.9240 

8.9625 
8.0000 
8.0366 
8.0723 
8.1072 

8.1414 
8.1748 
8.2075 
8.2896 
8.2711 

8.3019 
8.8322 
8.3620 
8.8912 
8.4900 

8.4482 
8.4760 
8.5034 
8.5303 
8.5569 

8.5880 
8.6068 
8.6342 
8.6593 
8.6840 


Ka 


7.1414 

8.7084 

7.2111 

8.732.) 

7.2801 

8.7563 

7.3485 

8.7798 

7.4162 

8.8030 

7.48S3 

8.8259 

7.5499 

8.8W.) 

7.6158 

8.8709 

7.6811  / 

8.8R80 

r.7460  I 

8.9149 

61 
62 
63 
64 
63 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
93 
93 
94 
95 

96 
97 
96 
99 
100 

101 
102 
103 
104 
105 

106 
107 
106 
109 
110 

111 
118 
118 
114 
115 

116 
117 
118 
119 
180 


Bqtiare. 


Onbe. 


8721 
8844 

8969 
4096 
4225 

4356 
4489 
4624 
4761 
4900 

5041 
5184 
5329 
54T6 
5621 

5776 
5929 
6084 
6*241 
6400 

6561 
6784 
6889 

7056 
7285 

7396 
7369 
7744 
7981 
8100 

8281 
8164 
8649 
8836 
9085 

9216 
9409 
9604 
9601 
10000 

10201 
10404 
10609 
10816 
11025 

11236 
11449 
11664 
11881 
12100 

12321 
12544 
12769 
12996 
13285 

1846ft 
1868d 
18914 
14l«l 

I  ii4m 


8q.  Bt. 


226981 
238328 
250047 
362144 
874625 

287496 
300763 
314132 
338309 
343000 

857911 
873-248 
888017 
403224 
421875 

488976 
45G533 
474552 
493039 
512000 

531441 
531868 
571787 
592704 
614125 

636056 

638503 

681473 

701969. 

729000 

753571 
778688 
804357 
830584 
857375 

884736 
912673 
941192 
970299 
1000000 

1080301 
1061208 
1092727 
1124864 
1157625 

1191016 
1223043 
1259712 
129.'>0S» 
1831000 

1367631 
1401928 
1442897 
1481544 
1520875 


IMIQR^ 
lft4aXAl 

\fta&\» 


7.8102 
7.8740 
7.9373 
8.0000 
8.0638 

8.1240 
8.1854 
8.2462 
8.3066 

OiwOOO 

8.4361 
8.4853 
8.5440 
8.6033 
8.6608 

8.7178 
8.7750 
8.8318 
8.8882 
8.9448 

9. 

9.0354 

0.1104 

9.1652 

9.2195 

9.2736 
9.3274 
9.3808 
9.4340 
9.4868 

9.5894 
9.5917 
9.6487 
9.6954 
9.7468 

9.7960 
9.8189 
9.8995 
9.9190 
10. 

10.0199 
10.0995 
10.1489 
10.1960 
10.2470 

10.2956 
10.8141 
10.3923 
10.4403 
10.4881 

10.5857 
10.5880 
10.6301 

lo.eni 

10.7*288 


O.Bt. 


8.9365 

3.9579 

8.9791 

4. 

4.0207 

4.0418 
4.0G15 
4.0817 
4.1016 
4.121S 

4.1406 
4.1603 
4.1798 
4.1983 
4.2173 

4.2358 
4.2548 
4.2727 
4.2906 
4.3069 

4.8267 
4.3445 
4.3G21 
4.3795 
4.3968 

4.4140 
4.4310 
4.4480 
4.4647 
4.4814 

4.4979 
4.5144 
4.5307 
4.5468 
4.5629 

4.5789 
4.5917 
4.6104 
4.C261 
4.6416 

4.6570 
4.6723 
4.6875 
4.7027 
4.7177 

4.7326 
4.7175 
4.7622 
4.7769 
4.7914 

4.8059 
4.8203 
4.8346 
4.8488 
4.8629 
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TABIiE  of  SqwuRttiv  Ciibes,  BanAre  Boots*  mia  Cnko  1 
of  JTnmbevo  APomTto  MOO— (Oonorin.) 

lo9tn' 

No. 

Square. 

Oaba. 

Bq.Bt. 

O.Bt. 

VOu 

BfpmrB, 

OniM. 

8q.B*. 

aat. 

901 
902 
903 
904 
905 

811801 
813804 
8I5I09 
817216 
819025 

731483Tai 
T3887080G 
TS63148S2 
7S8768aM 
74131708 

80.0167 
10.0888 
80.0500 
80.0666 
80.068S 

9.6586 
9.6630 
9.6666 

9.6693 
9.6727 

961 
068 
968 

964 
966 

904401 
906804 
908300 

910116 
•19036 

860006861 

863801486 

868860084 
■  87006WIS 

80.8868 
60.8515 

•0.8I0T 
M.88a» 

•jnt 
•Lsm 

906 
907 
908 
909 
910 

820836 
822649 
824464 
826281 
828100 

7496n4I8 
74614M48 
74861S811 
751089488 
758571000 

80.0098 
80.1164 
80.1880 
80.1486 
80.1663 

9.6768 
9.6790 
9.6884 

9.6870 
9.6006 

966 
967 
868 
960 
080 

•18986 
916840 
917764 
•19681 
•91600 

873719818 
676467^ 
878317019 
881»740n 
8B47M0Q» 

I0L986* 
I0J6I7 

911 
912 
918 
914 
915 

829921 
831744 
833569 
835396 
837225 

736058681 

75R550688 
761048497 
763561944 
766060876 

80.1838 
80.1908 
80.3150 
80.3834 
80.3480 

9.6041 
9.6976 
9.7018 
9.7047 
9.7083 

961 
•63 

968 
964 
966 

•38681 
•36444 
•37960 
•39396 
•61336 

8876Q66B1 
800ST7U8 
8t80B6847 
806841844 
8888nUB 

tl. 
tl.01tl 

n.06sa 

61.0481 
fL6644 

Mor 

MM 

916 
917 
918 
919 
920 

839056 
810889 
842724 
844561 
846400 

768576896 
771005318 
773630633 
776161569 
778688000 

80.3830 
80.3966 
80JI160 
80.8816 

9.7118 
9.7168 
9.7188 
9.7334 
9.7360 

966 
967 
968 
960 
•70 

9SS1B6 
•86060 
M70S4 
•68961 
•40900 

•014880B6 
•043SUN8 
•070e08SS 
•O888890O 
•190I8000 

81.0805 
llJOOt. 

ti.iin 

tlJS88 
n.l448 

MM 

MM 
MM 

921 
922 
923 
924 
925 

848241 
850084 
851929 
853776 
855625 

781239861 
783777448 
786880467 
7H8889034 
791468136 

80.8480 
80.3646 
80.3800 
80.8974 
80.4188 

9.7384 
9.7339 
9.7864 
9.7400 
9.7486 

971 
973 
•78 
•74 
•76 

•438a 
944784 
946789 
•4867« 
•60636 

•16498611 
•18880048 
•311fmT 
9340UH34 

si'ini 

»1J0» 

njooo 

81.88B» 

MM 
•JM 

MM 

•una 

926 
927 
928 
929 
980 

857476 
859329 
861184 
86:)041 
864900 

794031176 
796597963 
799176763 
80I76S089 
804357000 

80.4809 
80.4467 
80.4631 
80.4796 
80.4969 

9.7470 
9.7606 
9.7540 
9.7576 
9.7610 

•76 

977 
978 
979 
980 

963676 
954639 
966484 
958441 
960100 

•89714176 
9836748S8 
906441863 

•41U300O 

nj4io 

•1.8SI0 
81.37a» 

aijefio 

991 
932 
933 
984 
935 

866761 
86-^24 
870489 
872356 
874225 

806954491 

809557568 
8121662:n 
814780504 
817400375 

80.6138 
80.5287 
80.5450 
80.5614 
80.5778 

9.7646 
9.76M 
9.7716 
9.7750 
9.7785 

981 
983 
983 
984 
985 

963861 
964834 
9663R0 
968256 
970226 

•4407614] 

•49863087 
963768904 
966671686 

8i.8ai 
n.886i 

nj538 
81J688 
81J8I7 

•JM 

•JM 

•JM 

936 

876096 
877969 

879844 
881721 
883600 

820025856 
822656953 
825293672 
827936019 
830584000 

80.5941 
80.6106 
80.6268 
80.6431 
80.6594 

9.7839 
9.7854 
9.78R9 
9.7924 
9.7969 

986 
987 
9RR 
989 
990 

972196 
974169 
976144 
978121 
980100 

•58686366 

81.4006 
81.4168 
n.4S3i 
tl.4486 
81.46a 

MM 

937 
988 
939 
940 

961504808 
964480373 
067881680 
•7O3n00O 

vUbHv 

941 
942 
943 
944 
945 

8854S1 
887364 
88:^249 
891136 
893025 

833237621 
835896V88 
838561807 
841232384 
843908625 

80.6757 
80.6920 
80.7083 
80.7246 
80.7409 

9.7998 
9.8028 
9.8063 
9.8097 
9.8133 

991 
993 
993 
994 
996 

982081 
984064 
986049 
988036 
990026 

978943371 
976191488 
979146867 
98810T784 
986074876 

81.4801 
81.4660 
tl.611f 
•1.6878 
n.648i 

•JM 
MM 

•JM 

946 
947 
»48 

950 

894916 
896S09 
898704 
900«W1 
902500 

846590536 
849278123 
851971392 
854670349 
857375000 

80.7571 
80.7734 
80.7896 
80.8058 
80.8221 

9.816T 
9.8201 
9.8236 
9.8270 
0.8805 

996 
997 
998 
999 

1000 

993016 
994009 
996004 
998001 
lOOOOOO 

888047906 
901030978 
994011993 
997008800 
■nnnnnlinnil 

MJU» 

81.6756 
81.6011 
81.6070 
81.6388 

MM 
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■«mtcI«Mb  andOk*  Bo«la*fKnBab«n  from  1000  (aioeo*. 
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Ml  Ottgnt  of  soonnoy ;  for  hla  purposes,  therefore,  this  prooess  is  greatly  preferable  to  the  ordinary 
aborioiu  one. 

To  find  the  square  root  of  a  nnmber  which  is  wholly 

decimal. 

Very  simple,  and  oorreot  to  (he  third  nnmeral  figure  inclusive.  If  the  nnmber  does  not  contain  at 
ISBst  fire  figures,  counting  from  theArtt  numtrcd,  and  including  it,  add  one  or  more  ciphers  to  make 
fit*.  If,  after  that,  the  whole  numbtr  is  not  separable  into  twos,  add  another  cipher  to  make  it  so. 
TIaa  beginning  at  the  first  nnmeral  figure,  and  including  it,  assume  the  nnmber  to  be  a  whole  one. 
la  the  table  find  the  nnmber  nearest  to  this  assumed  one ;  take  out  its  tabular  sq  rt ;  move  the  ded* 
Msl  point  of  this  tabular  root  to  the  left,  iha<ras  many  places  as  the  finally  modified  dwimal  number 
kssllgnres. 

Ex.  What  is  the  sq  rt  of  the  decimal  .002?  Here,  in  order  to  have  at  least  five  decimal  figures, 
SNodng  from  the  first  numeral  (2),  and  including  it,  add  ciphers  thus,  .00.20,00.0.  But.  as  it  is  not 
issr  separable  into  twos,  add  another  cipher,  thus,  .00,20,00,00.  Then  beginning  at  the  first  numeral 
0).  sssume  this  decimal  to  be  the  whole  number  800000.  The  nearest  to  this  In  the  table  is  IttSSOB; 
■4  the  sq  rt  of  this  is  447.  Now,  the  decimal  number  as  finally  modified,  namely,  .00.20,00,00,  baa 
ri^  flgnrei :  one- half  of  which  is  4 ;  therefore,  move  the  decimal  point  of  the  root  447,  four  places  to 
tts lift;  making  it  .0447.    This  is  the  reqd  sq  rt  of  .002,  correct  to  the  third  numeral  7  included. 

Tm  lod  the  cube  root  of  a  namber  which  is  wholly  decimal. 

▼an  simple,  and  correct  to  the  third  numeral  inclusive. 

K  the  number  does  not  contain  at  least  five  figures,  counting  ftrom  the  first  numeral,  and  including 
Ik  aid  one  or  more  ciphers  to  make  five.  If.  after  that,  the  number  is  not  separable  into  threes,  add 
M  sr  more  ciphers  to  make  it  so.  Then  beginning  at  the  first  numeral,  and  including  it,  assume 
As  ■raber  to  be  a  whole  one.  In  the  table  find  the  number  nearest  to  this  assumed  one,  and  take 
« its  tabular  eub  rt.  Move  the  decimal  point  of  this  rt  to  the  left,  one-third  as  many  places  as  the 
■s^j  modified  decimal  number  haa  figures. 

b.  What  is  the  cube  rt  of  the  decimal  .002  7  Here,  In  order  to  have  at  least  five  figures,  counMng 
hssi  ibe  firat  numeral  (2),  and  including  it,  add  ciphers  thus,  .002.000,0.  But  as  it  is  not  now  separ- 
y»  isto  threes,  add  two  more  ciphers  to  make  it  so ;  thus,  .002,000.000.  Then  beginning  with  the 
■■t  nnend  (2),  aasnme  the  decimal  to  he  the  whole  nnmber  20U0000.  The  nearest  cube  to  this  in 
■*  table  in  the  column  of  cubes,  in  2000376 ;  and  its  tabular  cube  rt  as  found  in  the  ool  of  numbers, 
■IS.  Now,  the  decimal  nnmber  an  finally  modified,  namely,  .002  000  000,  has  nine  figures ;  one-tbird 
■fvUoh  ia  S ;  therefore,  move  the  decimal  poiut  of  the  root  126,  three  places  to  the  left,  making  it 
•01  This  is  the  reqd  cube  rt  of  the  decimal  .002,  correct  to  the  third  numeral  6  included. 

To  find  roots  by  logarithms)  see  p.  614. 
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A  geometrical  line 

h  rii^y  length,  or  distanoe.  The  lines  we  draw  on  paper  have  not  only  length,  but  breadth  and 
,  ^(tasss:  still  they  are  the  most  convenient  symbol  we  can  employ  for  denoting  a  geometrical  line. 
'  ^Mgfat  lines  are  also  called  right  lines.  A  plahb  nocBK  is  merely  any  flat  surface  or  area  entirely 
<WoMd  by  lines  either  straight  or  curved;  which  are  called  its  outline,  boundary,  circumf,  or  peri- 
Hny.  We  often  confound  the  outline  with  the  fig  itself  as  when  we  apeak  of  drawing  circles. 
Nssiss,  ka :  for  we  actually  draw  only  their  outlines.  Geometrically  apeaking,  a  fig  has  length  and 
Msdih  only ;  no  thickness.    A  solid  is  any  body ;  it  has  length,  breadth,  and  thickness. 

Geometrically  similar 

Ni  sr  solids,  are  not  necessarily  of  the  same  *ize;  but  only  of  precisely  the  same  thctpe.  Thus,  any 
^s  iqsares  are.  seientifleally  speaking,  similar  to  each  other;  so  also  any  two  circlen,  cubes,  be,  no 
feMier  how  different  they  may  be  in  size.  When  they  are  not  only  of  the  same  shape,  but  of  the  same 
ihs.  thev  are  said  to  be  similar,  and  equal. 

The  tpumtitiet  of  line*  are  to  each  other  simply  as  their  lengths;  but  the  quantities,  or  areas,  or 
Mrfaees  of  similar  figure*,  are  as,  or  in  proportion  to.  the  equaree  of  any  one  of  the  corresponding 
Imi  or  sides  which  enclose  the  figures,  or  which  nay  be  drawn  upon  them ;  and  the  quantities,  or 
lMi41ties  of  aimilar  eolide,  are  as  the  cube*  of  any  of  the  corresponding  lines  whioh  form  their  edges, 
*the  figures  by  which  they  are  enclosed. 

When  two  atraight,  or  right  lines  meet  each  other  at  any  inclination,  the  inclination  is  called  an 
sasu;  and  14  meaaured  by  the  degrees  contained  in  the  arc  of  a  circle  described  from  the  point  of 
■setiug  as  a  center.  Sinro  all  circles,  whether  large  or  small,  are  supposed  to  be  divided  into  360 
fcsTtti.  it  followa  that  any  number  of  degrees  of  a  small  circle  will  measure  the  same  degree  of 
Wlaation  as  will  the  same  number  of  a  large  one. 


■/ 


I  .  *Wb  two  ttrafgfat  lines,  as  o  n  and  a  h,  meet  In  sneh  a  manner  that  the  VueWnaWtm  o  vi  a\%«(Viv«2 
i  ■•  Iks  Inclination  onh.  then  the  two  lines  are  saJd  to  he  perpendicular  to  eaoiVi  otYvax  -,  «.xx<^.  v\v<i«.w^« 
■.  eaa,  and  o  n  6,  are  emJled  iuoht  aholub  ;  and  are  each  neasd  by,  or  arc  equ%\  \»,  W^ .  ^"c  oxi«-\vt>vx 

^]'n^tihte^lVBmforme^rele.  Aayangle,  maeed,  amaller  than  a  right  an«,\e,\aca\\eflL  Kcvst^.,  w  *\va: 
•'•stf*/ lerger  tbaa  a  right  angle.  It  called  obtitsk,  or  blant.  When oneWuc  mecv*  mvo\.>\«  n 
^**««V".  MMiatht  two  fongolatt  Umanrn.  thm  two  »ti»iM  a  .^  «  ^^a  «  .l  >».  M«ica\\e^coT*tw 
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When  two  straight  lines  ero**  eaoh  other,  forming  foi 
either  pair  of  thoM  angles  which  point  in  exactly  oppot 
tions  are  called  oppositb.  or  sometimes,  improperly, 
▲HOLES ;  thus,  the  pair  «  w  t,  i^d  vhio  are  opposite  ani 
the  pair  «  it  v  and  titw.  The  opposite  anples  of  anj 
always  equal  to  eaoh  other. 

When  a  straight  line  ah  crosses  two  parallel  lines  ed 
ALTERMATB  angles,  or  those  which  form  a  kind  of  Z,  are  equ 
other.  Thus,  the  angles  don,  and  on/,  are  equal ;  as  are  t 
and  one.  Also  the  two  Internal  angles  on  the  same  side  o 
equal  to  two  right  angles,  or  180^;  thus,  the  two  angles  ( 
o  n/=  180'' ;  as  do  also  don  aud  one. 


An  Interior  an^le. 

In  any  fig,  Is  any  angle  formed  ineide  of  that  flg,  by  1 
ing  of  two  of  its  sides,  as  the  angles  cab,  abc,  bet 
triangle.  All  the  interior  angles  of  any  straight*lined 
any  number  of  sides  whatever,  are  together  equal  te 
many  right  angles  minus  four,  as  the  figure  has  sides, 
triangle  has  S  sides ;  twice  that  number  is  6 ;  and  6  rigl 
or  6  X  90°  =5400 ;  ft-om  which  take  4  right  angles,  or  9 
there  remain  180'^,  which  is  the  number  of  degrees 
plane,  or  straight-lined  triangle.  This  principle  furt 
easy  means  of  testing  our  measurements  of  the  angl< 
flg ;  for  if  the  sum  of  all  our  measurementa  does  not  aj 
the  turn  given  by  the  rale,  It  is  a  proof  that  we  have  committed  some  error. 

An  exterior  angle 

Of  any  straight-lined  figure,  is  anv  angle,  uabd,  formed  otrTsini  of 
by  the  meeting  of  any  side,  as  a  ft,  with  the  prolongation  of  an  adjao 
as  0  ft ;  so  likewise  the  angles  e  a»,  and  b  cw.  All  the  exterior  angle 
straight-lined  fig.  no  matter  how  many  sides  it  may  hare,  amonn 
right  angles,  or  860'^.  Thus,  in  the  foregoing  fig,  the  three  exterio 
and,  eae,  and  bow,  amount  to  860°.  In  any  flg,  those  angles, 
andi,  which  point  outward,  are  called  salibmt  ;  and  those  which  point 
aa  if  are  called  bb-ewtbuno. 


All  angles,  as  n  a  m,  n  o  m,  at  the  circnmf  of  a  semicircle,  an 
Ing  on  its  diam  n  m,  are  right  angles :  or,  as  it  is  usually  exprc 
anglee  in  a  temicircU  are  right  ancles.  An  angle  nex  at  tt 
of  a  circle,  is  twice  as  great  as  an  angle  nm»  at  the  oiroumf,  wl 
stand  upon  the  same  arc  n  x. 


All  angles.  My  dp,  yep,  ygp,  at  the  circnmf  Af  a  circle,  and  i 
npon  the  same  arc,  ns  y  p,  are  equal  to  each  other ;  or,  as  usually  ex 
mil  tmgUe  in  the  tame  eegment  of  a  circle  are  equal. 

The  complement  of  an  angle 

It  what  It  wants  of  being  OO^ ;  and  Its  •umaUment  is  what  it  wants 
180o.» 


If  any  chord,  as  a  &,  be  drawn  aeross  any  diam  co,  of  a  circle,  tlMn 
of  the  two  parts  of  the  chord  will  be  equal  to  that  Of  the  two  parts  of  tt 
that  is,  anXnb^enXnc 


Sines,  Tangents,  Ae* 

a'h'tZr  "C"  T  "  *•'  *V  *ogle,  a  e  ft,  or  which  Is  the  same  thihgi  the  sine  of  atay  efretUar  « 

to^iZ.  fi'*if«<'«or rneas ore*  the  angle.  Is  a  straight  Una  drawn  ftrom  one  end,  as  a,  of  the  are, 

'VUaaUna  nt.  the  rad  r  A.  drawn  tn  the  ttiher  »nA  h  ot  \.\v«  mra.     It  la,  thtMfbl 


TAe  tttrm,  a  *, 


toxriZZ  '""*'""' or meaeune  tne  angle.  Is  a  straight  Una  drawn  nrom  one  end,  as  a,  ( 
"hiir  /A-*f.?  termJaaaag  at,  the  rad  c  b,  drawn  to  the  other  tn4  b  ot  ttva  aw»  It  1 
^jr  toe  obord  a  n,  of  Che  aro  a  5  n,  which  ts  equa\  to  twlca  the  mo  ab  \  m,  VtM ^.  ^ 

Vmoam,"^^"  '*"  ^  MiiMliibtrfd  0/  aftylttg  lhMasmaaii&|^«T«Q(A^«fttB«M«ni£9\MB 
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•1  to  half  the  ohord  of  twice  that  angle ;  and  Tioe  rena,  the  ehord  of  an  angle  is  always 

ice  the  fine  of  half  the  angle. 

:  of  an  angle  (e  6,  or  of  an  are 

.  U  equal  to  the  rad  of  the  aro 

Irale :  and  thla  sine  of  90°  ii 

a  that  of  any  other  angle. 

rs  e  «  of  an  angle  a  e  I,  la  thai 

rad  which  lies  between  the 
M  center  of  the  circle.  It  la 
il  to  the  tine  y  a  of  the  com< 

a  of  a  e  fr ;  or  of  what  aeb 
ing  90°.  The  prefix  eo  before 
neana  complement;  thus,  oo* 
■ine  of  the  complement. 

BO  awB  «  &  of  any  angle  a  e  &, 

of  the  rad  which  lies  between 
d  the  outer  end  h.  It  la  rery 
tt  erroneoua,  when  speaking 
Ac,  to  call  the  rise  or  height 
solar  arch  a  hn,  ita  reraed 

it  is  actually  the  versed  sine 
f  the  arch.  This  abaurdity 
} ;  for  the  word  riae  or  height 
lore  expreaaive,  but  is  correct. 
IT  6  w,  or  a  d,  of  any  angle 
Ine  drawn  from,  and  at  right 
le  end  b  or  a  of  either  rad  c  b, 
\x  forma  one  of  the  lega  of  the 

terminating  as  at  tc,  or  d, 
.ongation  of  the  rad  which 
;ber  leg.*  This  Ian  rad  thus 
hat  is,  c Mr,  or  cd,  as  the  caae 
ailed  the  secant  of  the  angle 

two  tangent  a  are  equal;  ao 
I  two  aecants.    The  angle  teh  being  rappoaed  to  be  9QP,  the  angle  tea  tMOomet  the  oom- 
he  angle  a  e  6,  or  what  a  c  b  wanta  of  being  90° ;  and  the  aine  y  a  of  this  oomfdemeut ;  Its 

(  y ;  its  tangent  I  o ;  and  its  secant  e  o,  are  respectively  the  oo-aine,  oo'Veraed  aine;  oo« 
id  oo-aeoant,  of  the  angle  aeb.  Or,  vice  veraa,  the  aine,  ke,  of  a  e  6.  are  the  ooaine.  4c. 
Moae  the  angle  aeblt  the  complement  of  the  angle  tea.  When  the  rad  e  b,  c  a.  or  e  C, 
a  be  equal  to  unity,  or  1,  the  correaponding  sinea,  tangenta,  kc,  are  called  natural  ones ; 
veral  lengtha  for  diff  angles,  for  aaid  rad  of  unity,  have  been  calculated ;  conatituting  the 

tablea  of  nat  sines,  Ac.  In  any  circle  whose  rad  is  either  larger  or  smaller  than  1,  the 
r  the  angles  will  be  in  tbe  same  proportion  larger  or  smaller  than  those  in  the  tablea,  and 
mtly  found  by  mult  the  sine,  4c,  of  the  table,  by  said  larger  or  smaller  rad. 

•  Thla  U  the  trigonomUrical  tang.    For  others  see  Bemark  p  101. 


Jrijd 


»  la  called  equUateral  when  it  has  three  equal 
ae$,  when  only  two  of  its  sides  are  equal ;  sea- 
he  three  sides  are  unequal.  A  right-angled  trl- 
tne  right  angle.  Those  which  nave  no  right 
lied  oblique.  If  all  tbe  angles  are  less  than  right 
xiangle  is  acu(«.  If  one  of  the  angles  is  greater 
}  angle,  obtute. 

arte  (or  ttraigXt-aided)  triangle,  as  a  o  o,  the 
hree  angle*  i*  alwaye  eqtuil  to  two  right  anglee, 
srefore,  if  we  know  two  of  the  angles  we  can      . 
d  by  subtracting  the  sum  of  the  two  trmu  l&OP.    Q  — —.— 
tides  are  alwame  oppoeiu  the  greater  onpies  ;  Q  O  G 

iller  sides  opposite  the  smaller  angles;  but  the 

»t  as,  or  in  proportion  to,  the  opposite  angles,  but  to  their  sines.  If  any  side,  as  o  e  of  a 
produced  or  extended,  as  from  o  to  ci,  then  the  exterior  angle  a  c  d  is  eqaal  to  the  two 
oaite  angles  eao,  and  c  o  a.  And  in  like  manner,  if  the  aide  e  o  be  extended  toward  *, 
I  equal  to  c  a  o,  and  a  c  o. 


)f  a  triangle  may  be  called  its  base ;  as  a  o  >  &nd 

om  that  side  (extended  if  neoessary)  to  the  op- 

,  is  called  its  perpendicular  hetght;  or  simply 

See  Mensuration. 

lee,  as  a  ed,  ae«,  aco.  aen,  which  have  equal 

id  equal  perp  heights  mn.oc.eg,  and  d i,  have 

reas  ;  and  the  area  of  each  is  equal  to  half  the 

rectangle  whatever  which  has  the  same  base, 

iieht.    If  lines  be  drawn  trom  each  angle  r  s  t,  of  a  triangle,  to 

€  tbe  opposite  side,  they  will  cross  each  other  at  ona  ^ii\  o\ 

%  part  otaaeb  of  tba  Ifses  will  be  aqnal  to  )jd  pari  of  ita  «ntiT« 

•  tba  potit  mietbeeen  of  gnr  of  the  triangle.    It,  inatmA  ot 

fjffporttt  Met.  tbaj  bieaot  lb*  aaf lea  tram  irbVo^t  tA&ay  nT« 
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If  a  line  •  n  be  drawn  {n  any  triangle,  parallel  to  < 
sides,  as  c  a,  then  the  small  triangle  son  will  be  simi 
large  one,  ab  e. 

To  divide  any  trianirle,  a»  a  b  c 
two  equal  parts. 

By  a  line  «  n  parallel  to  any  one  of  its  sides,  as  a  e; 
one  (as  a  b)  of  the  other  sides,  as  a  diam.  describe  a  i 
aob;  from  the  middle,  o,  of  this  semicircle,  and 
angle  b  (opposite  the  side  a  c)  as  a  center,  describe  tb 
from  n  draw  n  «  parallel  to  a  e. 


If  any  angle  x  of  any  triangle  be  bisected  by  a  line  x  g,  the  two 
and  ngot  the  opposite  side  m  n  will  have  to  each  other  the  same  i 
as  the  other  two  sides  x  m,  and  x  n. 


A  right-angled  triangle,  hs  ohg,  has  one  right  angle  o.  If 
right  angle  a  line  o  to  be  drawn  perp  to  the  long  side,  or  bypotb 
then  the  two  small  triangles  and  the  large  triangle  will  be  fiim 
a  line  drawn  from  o  to  the  center  of  the  long  side,  will  be  half 
that  side.  If,  on  the  three  sides  of  any  right-angled  triangle,  yi 
three  squares,  as  t,  u,  v ;  or  three  circles ;  or  any  three  flgs  that  a 
to  each  other,  then  the  area  of  the  fig  on  the  long  side  will  be  ec 
areas  of  the  other  two. 


PABAIiliEIiOOBAMS. 

A  parallelogram  is  any  four-sided  straight-lined  fl{ 
opposite  sides  are  equal,  as  a  6  c  d ;  or  a  square,  Ac. 
saration.)    Any  Hue  drawn  across  a  parallelogram 
opposite  angles,  is  called  a  diagonal,  as  a  e,  or  &  d.  A  dJ 
a  parallelogram  into  two  equal  parts ;  as  does  also  ai 
drawn  through  thecenter  of  either  diag;  and  moreov 
m  n  itself  is  div  into  two  equal  parts,  or  is  bisected, 
bisect  each  other ;  they  also  divide  the  parallelograu 
triangles  of  equal  areas.  Anp  two  adjacent  anglet  of 
Mogram  are  equal  to  two  right  anglea,  or  lUO- :  as 
dab  and  ab  e;  or  ab  c  and  b  ca;  and  the  four 
always  equal  to  four  right  anirles,  or  360°. 
The  turn  of  fk*  tq-VMtM  nf  tktfour  etdee,  U  etual  to  the  turn  of  the  equaret  of  the  two  d 

Simple  as  many  of  the  following  operations  appear,  it  is  only  by  care,  and  good  instrnn 
they  are  made  to  give  accurate  results.  Several  of  them  can  be  much  better  performed  by  : 
metalUo  triangle  having  one  perfectly  accurate  right  angle.*  In  the  field,  the  tape-line,  < 
mea«oring-roa  will  take  the  place  of  the  dividers  and  ruler  used  indoors. 

To  divide  a  ^Iven  line,  a  b,  into  two  eqnal 

From  Its  ends  a  and  b  at  centers,  and  with  any  rad  greater  than  one- 
describe  the  arcs  c  a&d  d,  and  join  a/.  If  the  line  a  6  is  very  long,  f 
equal  diets  ••  asid  ^f .  each  way  from  the  ends,  so  as  to  approach  en 
near  to  each  other ;  and  then  proceed  as  if  o  tr  were  the  line  to  be  di 
meatore  a  fr  by  a  loale,  and  thus  ascertain  its  center. 

To  divide  a  jpl ven  11  ne,  m  n.  In 
irlven  nnmber  of  equal  pn 

From  m  and  n  draw  any  two  parallel  lines  m 
to  an  indefinite  dist ;  and  on  them,  from  m  andn 
reqd  number  of  equal  parts  of  any  convenient  ler 
iy.Joln  the  corresponding  points  thus  stepped  oi 
one  line,  as  mo.  may  be  drawn  and  stepped  o 
then  Join  en;  and  draw  the  other  short  lines  pa 

To  divide  a  grlven  line,  tn  n,  Into  two  parts  which  shal 
A  giwen  proportion  to  each  other. 

-« J'f/'  ''  <'<*''*  <*"  '*•  **»»•  principle  a«  the  last ;  tbun,  \et  the  pTopon\«i\»  u  1  to  S. 
BauMi^*T^'  •1*'  "''**  "V  oonrenlent  opening  of  tb«  dWdeta,  maUe  m  «  ^^vaaX  Vo «»%  %\ 
'^'U  to  three  Mtepa,    Join  a  »;  and  parallel  to  it  draw  a  e.    TYieu  m  e  \a\o  tnaaWaro 

♦OenaaBaiirer  If  good  fcc  mien  Mid  trtaaiVw.  Iidnwiw>lrMV>»»«» 
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b^ 


Vmbi  •■y  Kiven  iMint,  p,  on  »  line  «  tf 
to  draw  a  perp,  p  a. 

Vm  f,  vlth  any  oooTenient  opening  of  the  divlden,  step  off  the 

ri #•, y  «.  From  o  ud  o  m  oenten.  with  any  opening  greater 
nlf  •  0,  deeerlbe  the  two  abort  area  b  and  e;  and  Join  a  p. 
QraO  biMtr,  deecribe  foar  aroe,  and  Join  a  y. 


:^ 


To- 


«■< 


Ml; 

lOfl{l 


■V-t 


If  fh«  point  p  !•  at  one  end  of  the  line, 
or  very  near  It, 

fated  tlM  line.  If  poMtble,  and  prooeed  at  abore.  Bat  if  thia 
*MDotbedoae,  then  flrom  any  convenient  point,  w,  open  the  divld* 
Miiy^  tad deaorUM  the  aemloirole, « j»  o ;  through  otp  draw •  to* ; 


From  a  viven  point,  o,  to  let  HaU  a 
perp  o  «f  to  a  srlven  line,  m  n. 

fitm  0,  meaanre  to  the  line  m  n,  any  two  equal  diata,  o  e, 
fa;  and  fhun  e  and  e  aa  eentera,  with  any  opening  greater 
ftn  half  of  c  «.  deaeribe  the  two  area  a  and  b ;  join  o  t.  Or 
frM  any  point,  aa  d  on  the  line,  open  the  dlTldera  to  o,  and 
the  arc  o  g ;  make  i  x  equal  to  <  o ;  and  Join  o  x. 


If  the  line,  a  b,  Is  on  the  groand, 

a  perp  ia  reqd  to  be  drawn  from  c,  firat  measure  off  any  two 
IdCau,  em,em.   Atmand  n,  hold  theenda  of  apieoeof  atring, 
tape-line,  or  chain,  man;  then  tighten  out  the  atring,  kc,  aa  ah«wn 

SH •  m;  a  being  Ita  center.  Then  will  a  e  be  the  reqd  perp.  Or  if 
pmp  K  jr  la  to  be  drawn  from  the  end  of  the  line  w  x,  flrat  meaanre  «  y 
BB  the  line,  and  eqaal  to  three  feet ;  then  holding  the  end  of  a  tape* 
at  a^  and  Ita  nine  feet  mark  at  y.  hold  the  four  feet  mark  at «,  keep* 
hg  vac  and  »  y  equally  atretohed.  Then  m  x  will  be  the  reqd  perp,  beeauae 
IL4,  and  5.  make  the  aidea  of  a  right-angled  triangle.  Instead  of  S,  4,  and 
1^  any  mnltlplea  of  thoae  numbera  may  be  uaed,  auch  aa  6,  8,  and  10 ;  f» 
%  la^  15(  J»:  alao  inaiead  of  feet,  we  may  naeyarda,  obaina,  Ac 


Thronfrli  a  frlven  point,  a,  to  draw  a 
line,  a  e,  parallel  to  anotber  line, 

•  /. 

mth  th«  perp  diat.  a  e,  from  any  point,  n,  in  «/,  describe 
a  an,  I;  draw  •  e  Juat  touching  the  arc. 


sr— / 


At  any  jpofnt,  a^  In  a  line  n  6. 
to  BMIKO  an  anirle  ea  6,  equal 
to  a  irlven  aajple,  mno, 

9t9mmmadm,  wflAaqyeonraaienlrad.  deaeribe 
I^^HtfJ:^*'  FS^*"*  *  *,  and  naln  «  d  eqoia    ^ 
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To  bisect,  or  diTlde  any  angrlc*  wx% 
two  e^nnl  parts. 

From  X  set  off  any  two  equal  disti,  xr,»».  From  r  and  «  wl 
describe  two  aros  intersecting,  as  at o ;  and  join  ox.  If  tbe  t^ 
the  angle  do  not  meet,  as  c  /  and  g  h,  either  first  extend  them 
do  meet;  or  else  draw  lines  x  to,  and  ey,  parallel  to  them,  ai 
dists  from  them,  so  as  to  meet;  then  proeeed  as  before. 


To  describe  a  circle  tbrongh  any  t1 
points,  a  be,  not  In  a  stralgrbt  lln 

Join  the  points  by  the  lines  ab,  be;  from  the  centers  of  these 
the  dotted  perps  meeting,  as  at  o,  which  will  be  the  center  of 
Or  from  b,  with  any  convenient  rad,  draw  the  arc  m  n;  and  fro 
with  the  same  rad,  draw  ares  y  and  «;  then  two  lines  drawn  tl 
ioterseotions  of  these  aros,  will  meet  at  the  center  o. 


On  a  fplven  line  wx^to  draw  a  s< 

w  X  nm. 

From  t0  and  x,  with  rad  u>  x,  describe  the  arcs  xry 
From  their  intersection  r,  and  with  rad-equal  to  ^  of  to 
«  «  «.  From  w  and  x  draw  w  n  and  x  tn  tangential  to 
ending  at  the  other  arcs ;  Join  n  m. 


To  find  tbe  center  e,  of  a  given  ein 

Draw  any  chord  a  b ;  and  from  the  middle  of  it  o,  draw  at  righ 
It,  a  diam  a  g ;  find  the  center  e  of  this  diam. 


To  draw  a  tangrcnt,  i  e  i,  to  a  circle,  froi 
grlven  point,  e,  In  its  drcumf. 

Through  the  center  n,  and  the  given  point  e,  draw  n  o ;  make  a 
en;  from  n  and  o,  with  any  rad  frreater  than  half  of  o  n,  descri 
pairs  of  arc  <  <;  Join  their  intersections  i  i. 

Here,  and  in  the  following  three  figs,  the  tangent$  are  ordina 
metrical  ones;  and  may  end  where  we  please.  But  the  trigoi 
tangent  of  a  given  angle,  most  end  in  a  eecant,  as  in  the  top  fig  of 


To  draw  a  tang:,  a  «  6,  to  a  circle,  from  a 
a,  wbicb  is  ontslde  of  tbe  circle. 

Draw  a  e,  and  on  it  describe  a  semicircle ;  through  the  intersectic 
a»b.    Here  c  is  the  center  of  tbe  circle. 


To  draw  a  tangr,  a  ^  tleont  a  circular  art 

Of  wbieb  »  a  i«  tbe  rise.    WttAi  xtA  g  a,  &«miV\m  %a  arc,  «  a  o. 
equal  totu.    Through  t  draw  g  ik. 


GBOUETBT. 


e7 


7tH 


N  4niw  »  teBff  to  two  eircleik 

nm  dnw  tlM  Une  Mn,  Just  touohing  the  two 
AriH;  tkk  givM  tbe  4ireeUom  of  the  Ung 
tai  ttofltMen  of  tlie  eirdei  dnw  the  radii,  < 
Umn.  The  pointi  I  (  are  tbe  tang  points.    

I  ii  la  the  poeltioA  of  (he  dotted  line,  <  y ,  tbe  ope* 

"lithe 


Thea 

0  0,  perp 

If  tbe 


ni 


at 


r.ai 


Tt  4niw  a  taexafron,  eaeb  side  of  which  shall 
be  eqnal  to  a  trlven  line,  a  b. 


-  a  and  h,  with  rad  a  h,  deaeribe  tbe  two  arcs ;  from  their  intersection, 
V*^  the  HuoM  rad,  describe  a  ciiole ;  around  tbe  eireomf  of  which,  step  off 
WMoerad. 


V»4niw 


Bide 


oetason,  with  eaeh 
equal  to  a  grlvon  line,  e  e, 

Fmi  e  and  a  draw  two  perps,  ep,  ep.  Also  prolong  e  « toward 
/Mdy;  and  from  e  and  e,  with  rad  eqaal  e  «,  dnw  the  two 
^Arsnts ;  and  find  their  centers  h  h ;  Join  e  A,  and  e  h ;  draw 

•  ud  h  t  parallel  to  e  p ;  and  make  eaeh  of  them  equal  to  c  e ; 

'""  9  0,  sjid  e  e,  eaoh  equal  to  *  * ;  join  o  o,  o  s,  and  o  t. 


To  draw  an  €»etasoB  in  a  glTen  square* 

Pnm  each  oomer  of  tbe  square,  and  with  a  rad  eqnal  to  half  its  diag, 
iMerihe  the  fSsnr  area;  and  Join  the  poiaU  at  which  tlMty  eattbe  sides  of  tbe 


t%  draw  any  retrular  polsrfpon,  with  eaeh  side 

eqaal  to  m.  n. 

Dfr  SM  degrees  by  the  number  ^  sidee;  take  the  quot  ftam  180°;  div  the 
Kb  ^2.  This  win  give  the  angle  emit,  or  en  m.  At  m  and  n  lay  down  these 
i^M  by  a  pTOiraeter:  the  sidee  of  these  angles  will  meet  at  a  point,  e,  Arom 
*lMh  dasertiM  (ke  drale  m«  y;  and  anraad  its  dreumf  step  off  disu  equal  to 

•a. 

la  aay  circle,  m»  n  w,  to  draw  any  re^^lar 

polygon. 

IHfllOOby  the  nnmber  of  sides;  the  qnot  will  be  the  angle  me«.atthecenter. 
Isf  off  this  angle  by  a  protractor  j  and  its  ebord  m  n  will  be  one  side ;  wbieli 
■ipsff  aroaad  tbe  eironmf. 

Oa  the  ^iven  line,  a  s,  to  draw  a 
cyma  recta*  aea, 

Vhd  tlw  oenter  e.  of  a  s.  Prom  a,  e,  and  s,  with  one-  half 
tf  a  s  as  rad,  draw  tlM  foar  small  ares  at  o.  e.  The  inasr- 
■Ndsas  •,  •,  are  the  oeniers  for  dnwlng  the  cyma,  with 
9m  same  rad.  By  rerenAng  the  position  of  the  arcs,  we 
•tela  tlie  e§ma  reeersc,  or  ogee,  def. 


^4 


1^  describe  the  arc  of  a  circle  too  largre  for  the  dividers. 


Ut  ce  be  the  ebord;  and  e  h  the  height  of 
the  leqd  are,  as  laid  down  •«  tke  drawing.  Oa 
Assfante  strip  of  paper,  eemn,  draw  a c,  o  (, 
•M  eft;  also  ke,  parallel  ta  tbe  chord  AC  It 
fi  wcO  te  make  h  s,  and  h  s,eaeh  a  little  loager 
•  ft.    Tbew  eat  08  the  paper  earefally 


■lair(A«tfMv '*  ■CM" '••»>«  to  feaT«  ivmaiB* 
Ivm'7'  ttoscrfp  tmbmmn.    N^w,  IT  tb« 


te  w  ttK  a^r^m  or  flfeMi  «kaii  iTHli  at 


ABITUMJSI'IO. 


69 


la  other  worda,-<t  ooamion  to  hotM.  Tketeton.  If  it  beukra  away  from  botb  triangle*. 
Inc  paru, <  e ft  of  one  of  tbem,  and  ig a  of  the  other,  are  aUo equal.  Therefore,  if  the 
» left  off  fk-om  (he  poljson,  and  the  part  i  n  a  be  taken  into  it,  the  polygon  g/edeig  will 
uae  area  as  a/edc&a;  but  it  will  have  but  Uto  sides,  while  the  other  has  six.  Again 
iwn  parallel  to  df,  and  d*  Joined,  we  have  upon  the  same  base  et,  and  between  the  same 
I  and  df,  the  two  equal  triangles  e$d,  and  e  «/.  with  the  part  0  o  «  common  to  both :  and 
ly  the  remaining  part «  •  d  of  one,  and  0  «/  of  the  other,  nre  equal.  Therefore,  if  0  «/  be 
.the  polygon,  and  e  0  d  be  taken  into  it.  the  new  polygon  g«deg,V^i,  will  have  the  same 
ede  g;  but  it  has  but  four  sides,  while  the  other  iias  five.  Finally,  if  a  «  Tig  2  be 
•ward  n;  and  d  n  drawn  parallel  to  c  « ;  and  e  n  Joined,  we  have  on  the  ssme  base  e«,  and 
e  same  parallels  e  «  and  d  n,  the  two  equal  triangles  e  •  n,  and  c  «  d,  with  the  part  cat 
both.  Therefore,  if  we  leave  out  cdt,  and  take  in  s  <  n,  we  have  the  triangle  ane  eaual 
fotk  g  M  d  e  g.  Fig  2 ;  or  to  aft  deb  a.  Fig  1.  »     y  h 

file  method  is  applicable  to  polygons  of  any  number  of  sides. 


nee  a  lArgre  flar, ahed efg,  to  a  smaller 
similar  oue. 

f  interior  point  o,  which  had  better  be  near  the  center,  draw  lines 
ngles  a,  b,  e,  &o.  Join  these  lines  by  others  parallel  to  the  sides 
If  it  should  be  reqd  to  enlarge  a  small  fig,  draw,  f^m  any  point 
.  lines  extending  beyond  its  angles ;  and  join  these  lines  by  others 
the  sides  of  the  small  fig. 


To  rednee  a  map  to  one  on  a  smaller  seale. 

method  is  by  dividing  the  large  map  into  squares  by  faint  lines,  with  a  very  Mt^  X^aA- 
1  then  drawing  the  reduced  map  upon  a  sheet  of  v 

nares.    A  pair  of  proportional  dividers  will  assist     a  ^     \C 
Xing  points  intermediate  of  the  sides  of  the  squares.      \  x      \\\  h 

je  map  would  be  injured  by  drawing,  and  rubbing       ^  *       a\\V  h 

uares,  threads  may  be  stretched  across  it  to  form  the 

tans,  and  drawings  of  all  kinds,  are  now  copied, 
ilarged,  and  multiplied,  cheaply  and  expeditiously,  by 
ly.  For  this  purpose  they  should  be  prepared  only  in 
c  and  white;  shading  should  be  done  in  linea;  not  in 
udcare  be  taken  to  make  the  lettering  and  ever  j  part 
•^  strong  and  distinct  than  fur  ordinary  drawings. 

n  a  rectangrnlar  flg^  ghad, 

ng  an  open  panel,  to  find  the  points  o  o  o  o  in  its 

1^  equal  dists  from  the  angles  g,  and  s ;  for  inserting 
>ee  o  o  o  0,  of  a  given  width  1 1,  measured  at  right 
Its  length.    From  o  and  «  as  centers,  describe  several 

arcs,  as  in  the  Pig.  Draw  upon  transparent  paper, 
ri  linea  a  a,  c  c,  at  a  distance  apart  equal  to  1 1:  and 
we  Hoes  on  top  of  the  panel,  move  them  about  until  it 
by  the  arcs  that  the  four  dists  g  0,  go,  to,  to,  are 
stead  of  the  traniiparent  paper,  a  strip  of  common 
he  width  1 1  may  be  used. 

my  problems  which  would  otherwise  be  very  difficult, 
as  solved  with  an  accuracy  sufficient  for  practical 
>y  means  of  transparent  paper. 


A' 


ARITHMETIC. 


subject  we  shall  merely  give  a  few  examples  for  refreshing  the  memory  of  those  who  lor 
ostant  practice  cannot  always  recall  the  processes  at  the  moment. 


=  0. 


=  1. 


Subtraction  of  Vuls^ar  Fractions. 
Addition  of  Vnlgrar  Fractions. 


=.^=^\\- 


*  Jfbt  absolately  neoemwy. 


-t. 


70  ABITHMETIC. 

Maltiplleation  of  Tnl^Ar  Fractions. 

ixi=i.    jxj=A-    »xf=H  =  A-    |x4=H=A- 

t.ri<.tf.fJ=ixJxfxJ=H*=tt=J- 
Bivislen  of  Tnlgrar  Fraetions. 

To  find  tbe  grreatest  eommon  dlTicM^r  of  a  TnlgrAr  Fraetii 

»x.  1.  Of  T%.       W)m(2  B^ ,,  o,  Ij        ao)U(4 

85)70(2  4)20(5 

70      Adi85.  20      Am  4. 

To  rednce  a  TnlgrAr  Fraction  to  Its  lowest  terms. 

Fint  find  the  greatest  (xnnmoa  df  viior ;  then  divide  both  the  numerator  and  denominator  t 
Vhym,  in  the  preoedinf  example  -^iP^  =  ^  Ana.    And  f  ^  =  V  ^^' 

To  rednce  a  Tnlyar  Fraction  to  a  decimal  form. 

IMvide  the  numerator  by  the  denominator.    Thna, 

1  =  2  )1.0(0.5  Am.  V  =  4)13(8.25  Am.  4^  =  40)82.0(0.8  AM. 

<*  10  *  12  *"  82  0 

10 

_8_ 
20 
20 

i;edaoe  8  Inches  to  the  dedmai  of  a  foot.    There  are  12  in*  In  a  foot;  therefbre,  the  qoeeti 

to  reduoe  i^  to  a  dedmai.    Therefore,  12)8.0(0.25  of  a  foot.  Am. 
^^  24 

'  -60 

60 

Reduoe  2  ftS  im  to  the  dedmai  of  a  yard.    There  are  86  ini  in  ayard;  and  27  ins  in  2  ftS 


therMore,  |-^  of  a  yard  =  86)27.0(0.75  of  a  yd.  Am. 
*  25  2 


IRO 
180 

How  many  fbet  and  im  are  there  in  .75  of  a  yard  f    Here 

.75 
8  ft  in  a  yd. 

Ft  2).25 

12  ins  in  a  ft. 

Ins  8.00      Am  2  ft  8  ins. 

vHoTT  many  feet  and  Im  are  there  in  U)625  of  a  yard  T 

.0625 

8  feet  in  a  yd. 

Kofeet,  .1876 

12  ins  in  a  ft. 
— —  ft.      ins. 

Im  2.2500  Ans.'6       2.25. 

How  many  eubio  feet  are  there  in  .814  of  a  cub  yard  f    And  oub  ins  in  .46  of  a  oub  ft  7 

.814  .46 

27  ottb  ft  in  a  yd.  1728  cob  im  a  cub  ft. 

2198  868 

S38  M 

—  vn 

8.478  eubn,    Amt.  4ft 


\.st.  tti.«  mlft^BA*  4aa. 


ABITHMETIC.  71 


Decimals. 

.  Add  tO|«ther  .25  and  .75 ;  also  .006, 1.8472,  k&d  48. 

.85  .006 

.75  1.8472 

48. 

1.00    ABt.  

44.3632    Ans. 

Snmcnoir.  Sabtrmet  .25  from  .75 ;  also  .0001  tnim  I ;  also  6.80  from  9.01. 

.75  1.  9.01 

.25  .0001  6.30 

.50  Ani.  .9909    Am.  2.71    Aaa. 

InnrucAnov.  Mnlt  8  X  .8;  also  .8  X  •8 ;  also  .8  X  .08;  also  4.826  X  .008. 
8  .8  .8  4.326 

.8  .8  .08  .008 

.9  Ans.  .09  Ans.  .009  Ans.  .012978  Ans. 

ftnnoir.  Dlrido 8.  bj  .8 ;  also  .8  bj  .8 ;  also  .8  by  .03;  also  4.826  hj  .0003. 

.3)3.0(10.  Ans.         J>.3(1.  Ans.      .OS).30(10.  Ans.       .0003)4.8260(14420.  Ana. 


8 

8                        3 

8 

0 

0 

18 

IHride  62  bj  87.042. 

87.042)62.0000(0.712,  fto.  Ans. 

12 

60.9294 

107060 

13 
IS 

87042 

- 

200180 

6 

DiTlde  .006  by  20. 

80.000).0060000(0.0008  Ans. 
60000 

"1 

Dnodecimals* 

Ditdedmslt  refter  to  square  faet  of  144  sq  Ina ;  to  twelfths  of  a  square  or  dnodeeimal  foot ;  easb 
Hh twelfth  being  called  an  inch;  and  being  equal  to  12  square  inches;  and  to  twei/ek«,  each  equal 
•-tlie  ISth  psrt  of  a  decimal  inch,  or  to  one  square  inoh.  The  dimensions  of  the  thing  to  be  measd 
nispposed  to  be  token  in  common  feet,  ins.  and  12ths  of  an  inoh;  but  as  ordinary  measuring 
■Im  sre  divided  into  Slhs  of  an  inch,  it  is  usually  guess-work  to  some  extent.  Duodeoimals  are 
wy  properly  going  out  of  use,  in  favor  of  decimals ;  we  shall  therefore  give  no  rule  for  them.  By 
MHu  of  oar  toble  of  "Inches  reduced  to  Decimals  of  a  Foot,"  page  75,  all  dimensions  in  feet,  ins, 
MHlhi,  Ac,  can  be  at  onoe  token  out  in  ft  and  decimals  of  a  foot. 

Slngrle  Bale  of  Tbree ;  or.  Simple  Proportion. 

tf  t  men  lay  10000  brloks  in  a  oertoin  time,  how  many  could  6  men  lay  in  the  same  time?  They 
wsridSBtly  lay  more;  therefore,  the  second  torm  of  the  proportion  must  be  greator  than  the  first. 

8:6::  lOOOO  :  20000  Ans. 
6 

3)60000 

20000  Ans. 

IT  t  m«n  require  10  hours  to  lay  a  oertain  number  of  brloks,  how  many  hours  w^Mi  6  men 
Mrs?  They  will  evidently  require  less  time;  therefore,  the  seoond  term  at  the  proportion  must 
•twUtaaUMflrst. 

6  :  8  ::  10  :  5  Ans. 
'^    8 

6)30 

5  Ana 

Doable  Bale  of  Three;  or,  Compoand  Proportion. 

ff  three  men  can  lay  4000  bricks  in  2  day)*,  how  many  men  can  lay  12000  in  3  days  7  Here  we  seo 
MiOOO  brieks  require  3  X  2=6  dayt'  mn*;  therefore  12000  will  require, 

4000 :  12000 ::  6 :  18  days' work. 
Bat  there  are  only  8  days  to  do  the  18  days  work  in ;  therefore  the  number  of  men  must  be  ^^  =  6 
at,   Abs. 

I  moment's  reflection  will  snffioe  to  reduee  any  ease  of  double  rule  of  three  to  this  ^fHH^I^iief^ 

Arithmetical  Profi^reiision,  *     - 

I  lerlss  of  numbers,  is  a  progressive  increane  or  decrease  in  enoh  pnccessive  number,  bv  the  addt' 
I  or  snbtraetlon  nf  the  same  amount  at  each  stop;  as  in  l,  2,  3.  4,  5,  Ac,  in  which  1  is  added  at 
k  step ;  or  10,  8,  6, 4,  Ac.,  in  whieb  2  is  subtracted  at  each  step  *,  or  K.  H«  %<  ^ <  ^H^  (^-  '^'^  ^"^"^ 
t  series  the  numbers  are  ealied  Its  tarm$;  and  the  eqnal  Inerease  or  &«ec«as«  %X«»a>x%\x:V^'^'^  *^)!*^ 

ijIffeS^em  dUr,  taowiag  e&a  ilrse  and  last  terms ;  &n&  the  ixum'bw  ot  \«ti!».  ?^^^^^?^? 


70  ABITHMETIC. 

Hnltlplleatioii  of  Tnlgrar  Fractions. 

jxj=j.   {xj=A.    fx}=Ji  =  A.   }xj=H=A. 

8^Xlf=Vx|=W-      *Xfx|=t4=f 

}ofJorJofJ=}xJx4xJ=HJ=H=f 
BiYlslon  of  Tnlffar  Fraetions. 

To  find  tbe  greatest  eommoii  diTlsor  of  a  Tnli^tti^  Fmetton* 

»x.  1.    Of  tVV  W)176(2  B^,  ,,    0,  J^,  20)84(4 

85)70(2  "4)«){5 

70      AniSS.  SO      Aiu4. 

To  reduce  a  Tnl^ar  Fraction  to  its  lowest  terms. 

Fint  find  the  greatest  oominon  divisor ;  then  divide  both  the  namerater  and  denominator  by  ifa 
Th)M,  In  the  preceding  example  -^i^  =  ^  Ans.    And  f^^  =  ^  ^''"* 

To  reduce  a  Tulnrnr  Fraction  to  a  decimal  form. 

IMvide  tbe  numerator  bj  the  denominator.    Thus, 

i=:  2  )1.0(0.5  Am.  V  =  4)13(3.25  Ani.  44  =  40)82.0(0.8  AM. 

10  *  12  ^'^  82  0 

10 

_8- 
20 
20 

iedooe  8  inches  to  the  decimal  of  a  foot.    There  are  12  ins  In  a  foot;  therefbfe,  the  qneetfoiilP 
to  reduce  i'?  to  a  dedmal.    Therefore,  12)3.0(0.25  of  a  foot.  Ans. 

*  -60 

60 

Reduce  2  ft8  ins  to  the  decimal  of  a  yard.    There  are  86  ins  In  ayvd;  and27insio2fk8iaii 


therefore,  -1^  of  a  yard  =  86)27.0(0.75  of  a  yd.  Ans. 
***  25  2 


180 
180 

How  many  ftet  and  ins  are  there  in  .75  of  a  yard  T    Here 

.75 
8  ft  in  a  yd. 

Ft  2).25 

18  ins  in  a  ft. 

Ins  8.00      Ans  2  ft  8  ins. 

^  Hew  many  feet  and  tns  are  there  in  .0625  of  a  yard  T 

.0625 

8  fleet  in  a  yd. 

No  feet,  .1875 

12  ins  in  a  ft. 
«— —  h.      ins. 

Ins  2.2500  Ans.  6       2.25. 

How  many  eubic  feet  are  there  In  .814  of  a  cub  yard  T    And  cub  ins  in  .46  of  a  cub  ft  T 

.314  .46 

27  cab  ftin  a  yd.  1728  cub  ins  a  cub  ft. 

21^  868  J 

t28  W  > 

— -  va, 

8.478  ouhtt.   Abb.  4ft 


^'^. 


IViM  Qobtea.  4sa. 
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]>eeimals« 

iaamw.  Add  togtther  .2S  and  .75;  alio  .OM,  1.8472,  and  48, 

.»  .OM 

.76  1.S47S 

43. 

1.00    Ant.  

44.3632    Ant. 

BmiAcnoir.  Sabtraet  .SS  from  .75 ;  also  .0001  from  1 ;  also  6.90  fh>m  9.01. 

.75  1.  9.01 

.»  .0001  6.30 


.50  Ans.  .9990    Ans.  2.71 

InmucAnoH.  MaltS  X  .6;  also  .8  X  .6 ;  also  .8  X  .03;  also  4.826  X  .008. 

8  .3  .3  4.326 

.8  .8  .08  .003 

J9  Ana.  .09  Ani.  .009  Ans.  .012978  Ans. 

ftmioir.  IMvlde  3.  by  .8 ;  also  .3  bj  .3 ;  also  .8  bj  .03 ;  also  4.326  by  .0003. 

.3)3.0(10.  Ans.  .S>.3(1.  Ans.      .03).30(10.  Ans.       .0003)4.3260(14420.  Ana. 

J_  .  8  _a^  8 

0  0  IT 

Mride  63 1^  87.04S.  87.043)62.0000(0.712,  fto.  Ana.  12 

60.9294  

"'  107060  51 

87042  ** 


200180  6 

Divide  .006 1^  20.  20.000).0060000(0.0008  Ani.  

60000  0 

Daodecimals. 

DiodMlmsls  refSsr  to  square  fMt  of  144  sq  ins ;  to  twelfths  of  a  sqnare  or  dnodeoimal  foot ;  each 
Mah twelfth  being  called  an  inch;  and  being  equal  to  12  square  inches;  and  to  twelftJU,  each  equal 
li-tbe  Itth  part  of  a  decimal  inch,  or  to  one  square  inoh.  The  dimensions  of  the  thing  to  be  measd 
*e  rappoied  to  be  taken  in  common  feet,  ins,  and  12ths  of  an  inch ;  but  as  ordinary  measuring 
*■!■■  are  divided  into  Sths  of  an  inoh,  it  is  usually  guess-work  to  some  eatenU  Duodecimals  are 
*>7  properly  going  out  of  use,  in  favor  of  decimals ;  we  shall  therefore  give  no  rule  for  them.  By 
■MUM  of  our  table  of  "  Inches  reduced  to  Decimals  of  a  Foot,"  page  75,  lUl  dimensions  in  feet,  ins, 
Vifths,  4o,  ean  be  at  once  taken  out  in  ft  and  decimals  of  a  foot. 

SlDnrle  Rale  of  Three ;  or,  Simple  Proportion- 

V>  men  lay  10000  bricks  in  a  certain  time,  how  many  could  6  men  lay  in  the  same  time?  They 
vDerldsatly  lay  mere;  therefore,  the  second  term  of  the  proportion  must  be  greater  than  the  first. 

8:8::  10000  :  20000  Ans. 
6 

3)60000 

20000  Ani. 

tf  t  men  require  10  hoars  to  lay  a  certain  number  of  bricks,  how  many  hoars  wt'll  6  men 
Jlpirer  They  will  evidently  require  less  time;  therefore,  the  seoond  term  it  the  proper lion  must 
NiMtiiaa  the  first. 

8  :  3  ::  10  :  5  Ans. 

^    8 

6)30 
5  Am 

Double  Bale  of  Three;  or,  Componnd  Proportion. 

Jf  three  men  can  lay  4000  bricks  in  2  dayn,  how  many  men  ean  lay  12000  In  3  days  T    Here  we  see 
■wiOOO  bricks  require  3  X  2=6  days'  work;  therefore  12000  will  require, 

4000  :  12000 ::  6  :  18  days' work. 

But  there  are  only  3  days  to  do  the  18  days  work  in ;  therefore  the  number  of  men  must  be  ^^  =:  6 

i  aoment's  reflection  will  tnlBoe  to  rednee  any  ease  of  double  rale  of  three  to  this  i^fIifrfi(C|a^ 

Arithmetical  Proipreiision, 

bturles  of  numbers,  is  a  progressive  lDcreai>e  or  decrease  in  eneh  i^neoeHKive  number,  by  the  addl- 
HworsabtraMioB  of  the  same  amount  at  each  step;  as  in  I,  2,  3.  4,  5,  Me.,  in  which  1  is  added  at 
**k  step ;  or  10,  8,  6,  4,  to.,  in  whieb  2  is  subtracted  at  each  step ;  or  H.  Vi.  %%  ^  ^  V'V^^  ^*  "^"^  ^^^ 
Xh  series  tbe  numbers  are  called  Its  ttrm*  /and  the  eqnal  inoTeaa«  or  dteT^aaa  «X  «a&\i  %'Vft:v  ^"^"^  ^""^ 

^Mdu^eom  atf,  Itaowiag  tb9  ant  and  last  terms :  voA  theivxim\»«t  «>t  xertM.  "^Vn^^JtA^^ 
•jjjt  tk0  ant  mad  Hat  mrau.  From  tbt  nambtr  of  terma  B«bir«At  '^     T>\^  «b»  ^\«  Vw^  ^«''«^^- 
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7b  find  the  Uut  term,  knowing  the  first  term ;  the  oom  diff ;  and  the  nnmher  of  termi. 
namber  of  terms  take  I.    Mult  the  rent  by  the  com  diff.    To  the  prod  add  the  first  term. 

To  find  the  number  of  terme,  having  the  first  and  last  ones ;  and  the  com  diff.  Ta 
between  the  first  and  last  terms.    Div  this  diff  bj  the  oom  diff.    To  the  aaot  add  1. 

To' find  the  eum  of  aU  the  terms,  having  the  first  and  last  ones ;  and  the  namber  of  t 
together  the  first  and  last  terms.   DIt  their  sam  by  2.  Mult  the  qaot  by  the  namber  of  tei 

Geometrical  Proffressiom, 

In  a  series  of  namben,  is  a  progressive  Increase  or  decrease  in  each  sucoesslTe  number,  I 
multiplier  or  divisor  at  each  step ;  as  8,  9,  27.  81,  Ac,  where  each  succeeding  term  is  increa 
the  preceding  one  by  8.  Or  48,  24, 12,  6,  Ac,  or  27, 18^,  6^,  9%,  Ac,  where  each  suoeee^ 
/ound  by  dividing  the  preoeding  one  by  2.  The  multiplier  or  divisor  Is  called  the  common 
series,  or  progression. 

To  find  the  last  term,  knowing  the  first  one ;  the  ratio ;  and  the  number  of  terms.  Rai 
to  a  power  1  less  than  the  namber  of  terms.   Uult  this  power  by  the  first  term. 

Ex.  First  term  10 ;  ratio  3 ;  number  of  terms  8 ;  what  is  the  last  term  ?  Here  the  numb 
being  8,  the  ratio  3  must  be  raised  to  the  7tb  power ;  thus  : 

8X8X3X3X3X8X3  =  2187.  =  Tth  power.    And  2187  X  10  =  21870  last  term. 

A  man  agreed  to  buy  8  fine  horses ;  paying  $10  for  the  first;  $30  for  the  seoond ;  890  fo 
fto:  how  much  will  tbie  last  one  cost  him?    Ans,  $21870,  as  before. 

To  find  the  sum  of  all  the  terms,  knowing  the  first  one ;  the  ratio ;  and  the  nupiber  of  te 
the  ratio  to  a  power  equal  to  the  whole  number  of  terms.  From  this  power  subtract  1.  1 
by  1  less  than  the  ratio.    Mult  the  quot  by  the  first  term. 

Ex.  As  before.    What  is  the  sum  of  all  the  terms?    Here  the  ratio  must  be  raised 

power:  thus,  3  XSX3X3XSX3X3  X  3  =  6561  =  8th  pow.  And  6560  div  by  1  less  thi 

6560 
8,  =  ---  =  3280.    And  3280  X  10  (or  number  of  terms)  =  82800  =  sum.  Acs. 

z 

In  the  foregoing  case,  the  8  horses  would  cost  $32800. 

Perm  a  tation 

Shows  In  how  many  positions  any  number  of  things  can  be  arranged  in  a  row.  To  d> 
toffether  all  the  numbers  used  in  counting  the  things.  Thus,  in  how  many  positions  in 
things  be  plaoed?.  Here, 

1X2X8X4X5X6X7X8  X  9  =  862880  positions.  Ans. 

Combination 

Shows  bow  many  eombtnatlens  of  a  few  things  ean  be  made  out  of  a  greater  number  of 
do  this,  first  set  down  that  number  which  indicates  tbe  greater  number  of  things ;  and  art< 
of  numbers,  diminishing  by  1,  until  there  are  in  <M  as  many  as  the  number  of  the  few 
are  to  form  each  combination.  Then  beginning  under  the  last  one,  set  down  said  nai 
things  ;  and  going  backward,  set  down  another  series,  also  diminishing  by  1,  until  arriviii 
first  of  the  upper  numbers.  Mult  together  all  the  upper  numbers  to  form  one  prod ;  and  a 
ones  to  form  another.    Div  the  upper  prod  by  the  lower  one. 

Ex.  How  many  combinations  of  4  figures  each,  can  be  made  fh>m  the  9  figs  1,  2,  8,  4, ', 
or  from  9  any  things  T 

9X8X7X6      8024  _-^^      .,     ^,  . 

, — - — - — -  =  -— -  =  126  oombinaUons.   Ans. 

1X2X8X4        24 

Alligation 

Shows  the  value  of  a  mixtare  of  diflRsrent  Ingredients,  when  the  quantity  and  value  of  en 
last  Is  known. 

Ek.  TThat  is  the  value  of  a  pound  of  a  mixtare  of  20  lbs  of  sugar  worth  15  cts  per  lb ; 
worth  25  ou  per  lb  T 

Ihs.   ots.    cts. 

20  X  15  =  .300  ipi,««.f««     ^*^  —  91  Mm       A«. 

30  X  25  =  750  Therefore,  -^  -  21-0111.  Ani. 

50  lbs.     1050  cts. 

Eqination  of  Paymoiits. 

A  owes  B  $1200;  of  which  $400  are  to  be  paid  In  3  monthif;  1500  id  4  months;  nr 
monthR ;  a1)  bearing  interest  until  paid ;  but  it  has  been  agreedito  pay  all  at  once.  Now,  a 
must  this  payment  be  made  so  that  neither  party  shall  lose  any  Interest? 

$         months. 

400     X      8     =     1200  „,.      ,         6000       ,  ,^    . 

500     X     4    =:     2noo  Therefore,  -—- =4.16,  &c,  months.   Ans. 

800     X     6     =     1800  *^^ 

1200  5000 

A  owes  B  $1000  to  be  paid  in  12  days ;  and  $500  to  be  paid  in  3  months.  What  would 
^r  payt^  Mil  at  OBce  f 

S        daya. 
1000    X    12    =      12000  „^      ^      61«»  -  *«  A  •       .. 

>pOO    X    90   =     45000  Thetetow,  ^j^=.W^».'S%.  Kxi%. 

4«W  67000 
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WL  ^^^,  _,__  w^'rj^'V"'*'??'',  „ « «■>,-,  T 

^              "i°oE"'  ;  "u"''::      «tt!S'?'    ;      iBtwi'j 

,.1=1;.,.™  .....!Sa 

>■  lliilBMHt  on  tarn  JI  «■  Est  1  f  ut,  I  muilbi,  ud  10  ib;i.  ml  T  i«  «ii>  r«i  tuHiB  t 

™W       :       KP''     ::       *««       ;       «iS» 

I(«!i«H:»i{»,tU* 

m,  iri  j™ or  JWi^.Hn  ieO.SlM  U.^  wHK  .11]  « Ji/i Uml  DC 

"X  ,    «i°.W    .  IS*-  --    ^°.V.,*.A=. 

■  m  dBpU  isi*™i,  Bonej  *.ub»»  lueir  i=  no  jani  .U  i«  0^  U  IIJJ  t™i  i  •»<  M  t 

■  ItSjHn.  Sl»tiUliaf«I.Wo|le>lgl.rfTl.n». 

rss^'7:^.^.r^.Z!--^^'".n;:^^^x^<'^^^^^^^ 

sr^j^r.'£i.S5^,.r  ^— "--^  '""-"."'--^  PH«,^  .....>-,H^ 

iri(M.|«>.4liinn>l,  moau  dg>U«  lueir  la  lUyl  llj  jan;  u  1  pir  H.  In  ■MM  tU 

>dul^<u.l.1>.al0>iian.                                      ' 

Discount                                                                > 

^iB'^^^i^r£^^£iF^'^'^'BM€Bi 

^L        ''2«"-='^S?^.  "i^S'  :  "E'^^ 

^Kii™t/^"i:S".?«lSSr°^JlT,X^1i?p™.'';Xi'a?'i^^^ 

^F^                     Felivoisblp. 

^F     ■'SS5''  z'to-s'"-.,  ■'««y  .  *■»«;* 

^K                 SliMl        :        t:UO        ::      "ni^^'      ;    ^il'i'.o'^                             ^^H 

H  WEIGHTS  AM)  MEASUEES.         ^^| 

^!?^";'"7;"„%'"'^\tr^.'?.°oS.^S-^4'i;G"iX!« 

WEIGHTS  AXD   MEASURES. 
Troy  Weight. 


Ttiir,  a.  in-n-  dollir  wMiIu  981  irsIiHt  ii>(l9=lD  trsri  ul  «U.3^1  ItmiDlr.   Tl 
•HiiildplaiexdiEiiiLBgnaDii  Uii  ■ID=lS>|ri:  IDbll^lSJ  tn.     IT  lull]  dDHm.acll 

arpurniUj  pun  mill;  lhi>*ll>|ih«">i>ir  ~u  mnA.iildnim!  Ihcdollir  iuiulsliialU(Il. 

ApolbemrleH*  Walclit. 
AvoirdnpolB,  or  ordinary  I'ammercinl  Welclit. 


IiOPg:  Xeaaarc 


«™ii..  .     ".".V.V.V.'.'  1  tiiriiiii»=l»i«r*i=««i(mi. 
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W*ra  Pgyrie  ofliOnKltiide  In  dtllbFent  I^tltades,  and 
Bt  the  l«Tfil  of  th«  s«ni 
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-[r-.      m. 

I ,..  ,.. 

p»i. 

,„..    1     F.„. 

1...  1    p™ 

.=., 

Tea.. 

1    ""^        K 

ITii    '* 
s 

i  S!     « 

1       * 

11    » 

i  - 
i  - 

i 

-1 

M 
K 

\ 

a 

Si 
H 

Is 

i 
i 

si 
11 

s 

i 

1 
■is 

1 

Wv 

H 

l\K^ 

To  WEIGHTS  AND  MEASURES. 

Square,  or  Idtnd  Mesaure. 

iHTHeiiif  iMiHllil  nUa  k],  inl  tgnulai  naTHOD  niniT  oc  HBIBOO  iq  iilij  DrUDwM. 

Cubic,  or  Solid  IHeunrs. 

■BIUia»(nxi>l~RKIR.  IliaiMinUf  Uk«l>li6siiIiriibilbjim^ltl].tli:udU«Ill 
FMmHIIii  uu  •  gvir  *IU  ■■  dBiusI  udlm  Ibi  unmticr  -ImtiU  R  bi  giadnnljr  ifnad^aul 
LlanlaAfl.    To  Eadooc  tub  jda  hi  Hnbu  or  31  aob  n,  mull  b/LUMi  andia  Hdunpanfaaa  IDr->' 


■a|U^  Uriaka) 


(Diuuila)  Iiibi^ieiM  nb  r'd's.IB^' "brill. "or  ID.MpanbEaar'la  cull  Fl.     Tlie  Olba 

A  coble  foot  Ib  eqiii 

A  cnbl«  Incb  !■  cqnnl  to 
A  cable  yard  Is  eqoitl  lo 


t,  1  Mmil  ar  >iae  » t>raDaT=  >!!«  flK :  ib '""'■rl'^l-.  Ola"  W^'.  1 


■tu=7.»eiai 
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Dry  Menanre. 

J  CwEi  alia.  DDd  a  l[u  d«ii:  xiri  iheD  tUfcd,  tU  oniii  [•  DsluHlaa  ibmSlulilib;  irIilDk 

■■idu    ivuii,  =r.nHnbiiiii.*=i.iaaiiiiiiid<ii t.oMiu. ' 

4«ir»    Ijulln.=  a.pliiu,  =  ia.K'aoubli».^tli«Sllq  gil I.4U  " 

l^itoM  1  pMt,  =i^l»u,-»qmii,  =  »ii.«oem.b»n 8.H1  || 

»tt.a>iii-l'bll.ieUlSi  KlDroiDimiiu  puiijuaci  uw  1,031.' 
IlrlllBli  Imperial  nenanre.  botb  liquid  and  drj-. 


r 

;.■£!;; 

Cbb.  Is>. 

Ciin,  n. 

blt.<>fll<lUl<M 

f 

s 

r  1  Inch  In  dlnmeHr,  and  1  foot  talfctii 
A  sphere  1  foot  In  diameter,  eonMlna 

Aaphere  1  Inch  In  diaineler,  CDnlBin« 


t 


G«al)iaetrg  ... 


,_ _... lin«3J)6S         IIM.F 

'](l'iu"iiiiiM.'     IDTSSOtS.        )lfl6» 
■lUiqnillM.     , 

French  Cable,  or  Solid!  Meaanre*. 


I 


WEIGHTS  AND  MEASURES. 


Tbe  Frencb  Metre. 


79 


Tie  FreMh  atMtre  wm  Intended  to  be  tbe  one  ten-millionib  part  of  the  diet  nrom  either  pole  of  the 
•vtk  to  the  eqaator :  bat  After  it  had  been  introdooed  into  nee,  errors  were  dlioevered  In  tbe  ealeu* 
hdm employed  for  aeoertaining  that  diet;  bo  that  the  French  metre,  like  the  Brit  standard  yard, 
bMt  what  k  waa  Intended  to  be.  By  the  Brit  standard,  tbe  length  of  tbe  metre  is,  approximately, 
yard:  or  8.S80HW  feet ;  or 38.87079  ins.  By  tbe  U.  8.  standard  it  is.  very  approximately. 
7  yd;  or  S.2807(M  ft ;  80.968605  ins ;  tbe  Brit  yard,  foot,  and  inch  being  abont  1  part  In  17«M 
■  than  tbe  U.  8.,  which  is  eqniU  to  3.077  inches  in  a  mile;  or  to  l-14th  inob  in  100  ft. 

French  Weifrbts,  redaeed  to  eommon  Commercial  or  Avoir 
Weiffbt,  of  1  pound  =  16  ounces,  or  70O0  n^raius. 

[From  Alexander's  "  Weights  and  Ueasures."] 

lairadT  any  two  writers  give  predtely  tbe  same  results.  ProfeRsnr  Rankine.  however,  a  very 
Mih  British  antbority.  gives  for  tbe  kilogramme  7.20M2  lbs ;  or  less  tban  Mr.  Alexander  but  about  1 
pMia  ISOOO;  lo  that  fbr  praotieal  purposes  the  l>est  Amerioan  and  Brit  authorities  may  be  eonkid* 
Ml  H  the  same.    Tbe  mean  is  'i.'J046d  lbs. 


IfilUgmnme., 
Omtigramme 
Bedgrainme  . 
Gnmme. 


J—  •••  ••« 


Q  n.  8.  gold  dol  weighs  1.671735  grammes.) 

HectSgnunme 

Kilogramme 

Mjiiogramme 

(Nhtel 

Tonneau;  Millier;  or  Tonne , 


Grains. 

.01543316 
.1543316 
1.543316 
16.43316 

Pounds  ay. 

.02204737 
.2204737 
2.204737 
22.04737 
220.4737 
2204.737 


.0352758  ounce  avoir. 

.362758     "         " 
8.52768     "         « 
85.2758     " 
.009^258  ton  of  2240  lbs. 
.0984258      " 
.984258      "         " 


Tbe  gramme  is  tbe  basis  of  Freneh  weights;  and  is  tbe  weight  of  a  cub  centimetre  of  distilled 
VMar  at  iu  max  density,  at  sea  level,  in  lat  of  Paris ;  barom  29.922  ins. 

French  Measuirea  of  tbe  '*  Systeme  Usuel.'* 

Thii  system  was  in  niie  from  about  1812  to  1840,  when  it  waa  forbidden  by  law  to  une  even  its  namee. 
Tni  was  done  in  order  to  expedite  tbe  general  use  of  the  tables  which  we'bave  before  given.  But  as 
wBytteme  Usnel  appears  in  books  published  during  the  above  interval,  we  add  a  table  of  some  of  it* 

Measures  of  liCugth. 


U|Be  tmel,  or  line 

^MM  uiuel,  or  inch.  =  12  lignes. 
<M  osuel,  or  foot,  =  12  pouoes  . . 

^uoel.orell 

niNuuel,=6pieds 


Yards. 


.36454 
1.31236 
2.18727 


Feet. 


.09113 
1.09362 
8.93708 
6.56181 


Inches. 


.09113 

1.09362 

13.12844 

47.245 

78.74172 


Weights,  Usuel. 


Jjrtmmel... 
«Nittael.... 

■wBunel... 

"»w  Mael,  I 

•rpMnd,  $ 


.8875  grains. 
60.297        " 

1.10258  avoir  OS. 
.551 2»  avoir  lb. 

1.10258  avoi/lb. 


Cubic,  or  Solid,  Usuel. 


Litron  usnel,  or  1  litre 


Boisaeau  nsuel. 


=  1.7608  British  pint. 


2.7512  BritUh  gait. 


BcCore  1812,  or  before  the  "Systeme  usnel,"  tbe  Old  System,  "  Systeme  Ancien,"  was  in  use. 

Frencb  Measures  of  the  ''Systeme  Ancien.'* 


Lineal. 


•■iOt  ftO<0t9Q|  •01 4H  1Q8  «••••■••••••••••••••••••••• 

Ufaeandeo,  .0888  ins ^ 

"Noiaiieten,  I.065nins=.0888ft 

Piidaasiea.  12.7893  in8  =  1.06577  ft 

ineanelam,  40.8889  ins  =8.90782 ft=1.80261  yds 

lWseanelea.=6.8»46.ft= 2.1816  yds 

IitigaerraBi  tolse«= A  7607  miies 


Square. 


Sq.ins. 
.00789 
1.1359 


Sq.  ft. 


1.1359 
40.8906 


Sq.  yds. 


>•«••■ 


Cubic. 


C.  ins. 

.0007 

1.2106 


C.  ft. 


C.  yds. 


\'^\\-" 


1.2106 


mStZi^mSS^iSlm^'*'^^'''*^  ******  *^*"*  •**  metiurw,  Diftetut  xB»a»xKf«^»a-^*'  «■ 
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Welchu.Analon. 

Dni.Mlty.  Anoien. 

I«ad.*n=i«n. 

s^ui           l.aM  Brti^u. 

"""'      """  """J"^- 

Spn^loh. 


Civil,  sr  Comman  I'loek  Time, 


I!  nun  >ldi  ur  II.  U  nWlI  RUT  khIdi  lutlnt  ttid 

nir  1  Iniif  r  Umi     «  rlbiliia  Ixtiat  *tu  U  Ital 
rnirrniDinrnioti«i  vinvHBPpivdiblTiirHtAvattlMVi 


V-  i-t.    ;    D^ 


TRAVERSE  TABLE. 


S3 


TraTerae  Table  for  a  Distance  — 

1.      (CoNTIKtJED.) 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

or 

or 

or 

or 

or 

or 

N.8. 

E.  W. 

N.S. 

E.W. 

N.S. 

E.w: 

.»•& 

.1045 

8400- 

8O0' 

.9003 

.1392 

8200* 

lOOO' 

tUV%0 

.1786 

80'V 

JBtf 

.1061 

58 

2 

.9903 

.1897 

58 

2 

.9847 

.1742 

58 

.9944 

.1<»7 

66 

4 

.9001 

.1403 

66 

4 

.9846 

.1748 

56 

.W4S 

.106S 

54 

6 

.9900 

.1409 

54 

6 

.9845 

.1754 

64 

*  1    .9M8 

.1068 

52 

8 

QQCMk 

.1415 

52 

8 

.9844 

.1759 

52 

JNMZ 

.1074 

50 

10 

uaoQ 

.1421 

50 

10 

.9843 

.1765 

50 

.W43 

.1060 

48 

12 

QOUfi 

.1428 

48 

12 

.0842 

.1771 

48 

.9M1 

.vm 

46 

14 

.9807 

.1432 

46 

14 

.9841 

.1777 

46 
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^•MnUi  aa^n  to  the  nMrest  qnarter  of  a  degree,  which  is  the  nsnal  praefloe  among  laDd-inrvtfr 
****•  ThejeanTbj  means  of  the  engineer's  transit,  now  In  unlTeraal  use  on  our  publto  works,  be  readily 
**<iTwl  wiUitB  a  minute  or  two ;  and  being  thus  moch  more  aooarate  than  the  compass  eonrses, 
i*UA  eaonot  be  read  off  so  closehr,  and  which  are  moreover  sabject  to  many  sooroes  of  error,)  ttiey 
■VTi  to  oorreet  the  latter  in  the  office.  The  noting  of  the  courses,  however,  should  not  be  confined  to 
4iHinst  quarters  of  a  degree,  but  should  be  read  as  closely  as  the  observer  can  guess  at  the  minutes. 
Mi  lad[  courses  also  should  be  taken  at  every  comer,  as  an  additional  check,  and  for  the  detection 
iflmlattraetitm.  It  is 
«rii  ta  taking  the  oom- 
IM  boMings,  to  adopt 
«  a  rale,  always  to  point 
ttt  Mftk  of  the  compass* 
toward   the   object 


VhHS  bearing  is  to  be 
Mn,  and  to  read  off 
ttm  die  north  end  of  the 


1  person  who 
■M  iadttferently  the  N 
■I  the  8  of  the  box,  and 
•f  dM  Beedle.  will  be  very 
Hrik  to  make  mistakes. 
It  li  best  to  measure  the 
angle  (shown  by 
1  ares.  Fig  3,)  at  the 
i;  whether  it  be 
r,  as  that  at  comer 
i;  er  interior,  as  all  the 
Mberi;  because  it  is  al- 
viys  less  than  180°;  so 
that  there  is  less  danger 
•f  reading  it  off  incor- 
Mtlj,  than  if  it  exceeded 
IW;  taking  it  for  grant- 
id  that  the  transit  instrument  is  graduated  fjrom  the  same  lero  to  18IP  each  way ;  If  it  is  graduated 
tnm  tero  to  360^  the  precaution  is  useless.  When  the  small  angle  is  exterior,  subtract  it  from  360<* 
ferthe  interior  one. 

Bappesing  the  field  work  to  be  finished,  and  that  we  require  a  plot  from  which  the  contents  may 
bi  ebtalaed  mechanically,  by  dividing  it  into  triangles,  (the  bases  and  heights  of  which  may  be 
MMiiLd  b|V  seale,  and  their  areas  calculated  one  by  one,)  a  protraction  of  it  may  be  made  at  once 
I  the  field  notes,  either  bj  uxing  the  angle*,  or  oy  first  oorrticting  the  bearinya  by  means  of  the 
.  as,  and  then  using  them.  The  last  is  the  best,  because  in  the  first  the  protractor  must  be  moved 
MMHh  angle ;  whereas  in  the  last  it  will  remain  stationary  while  all  the  bearings  are  being  pricked 
it  Every  movement  of  it  increases  the  Uability  to  errors.  The  manner  of  correcting  the  bearinga 
liamlained  on  the  next  page. 

bather  case  the  protract^  plot  will  certainly  not  close  precisely ;  not  only  in  consequence  of  errors  in 
Ifellpld  work,  but  also  in  the  procracuug  itself.  Thus  the  last  side.  No  6,  Fig  2,  instead  of  closing  in  at 
'  S,  will  end  somewhere  else,  say,  for  instance,  at  t ;  the  dist  1 6  being  the  closing  error,  which, 
r,  as  represented  in  Fig  2,  is  more  than  ten  times  as  great,  proportionally  to  the  size  of  the 
/.  as  would  be  allowable  in  practice.  Now  to  humor-in  this  error,  rule  through  every  corner 
aibm  Use  parallel  to  t6;  and,  in  all  cases,  in  the  direction  from  ((wherever  it  may  be)  to  the 
■Mag  point  6.  Add  all  the  sides  together ;  and  measure  1 6  by  the  scale  of  the  plot.  Then  begin* 
lh|*(eemer  1,  at  the  far  end  of  side  1,  say,  as  the 

8am  of  all       ,       Total  closing 
tk«  aides         •  error  ( 6 

Mp  cf  lUa  error  fh>m  1  to  a.    Then  at  comer  2,  say,  as  the 

.       Total  closing       .  .  Sum  of 

'  error  1 6  •  •       sides  1  and  2 


Sidel 


Bam  of  all 
thealdea 


Error 
for  side  1. 


Error 
for  side  2. 


lay  off  from  2  to  6  ;  and  so  at  each  of  the  corners ;  always  using,  as  the  third  term,  thi 
^tf  the  sMm  betweto  the  starting  point  and  the  given  corner.  Finally,  join  the  points  a,  h,  e, 
4«,t;  and  the  plot  is  finished. 

TbaesiTcetlon  has  evidently  changed  the  length  of  every  side;  lengthening  some  and  shortening 
JBwi.    It  baa  alao  changed  the  angles.    The  new  lengths  and  angles  may  with  tolerable  accuracy 
itflMBd  by  moana  of  the  scale  and  protractor ;  and  be  marked  on  the  plot  instead  of  the  old  ones. 
^ —  _^ 

N*  these  to  be  found  in  books  on  surveying.  This  is  the  only  way  in  which  he  can  learn  what  is 
kint  by  aeearate  work.  His  semicircular'protraotor  should  be  about  9  to  12  ins  in  diam  and  gradu- 
M  la  10  min.  His  straight  edge  and  triangle  should  be  of  metal :  we  prefer  German  silver,  which 
mes  M(  mat  aa  steel  does ;  and  thev  should  be  made  with  acrupulova  ttcatracy  by  a  skilful  instru- 
keai-auker.  A  very  fine  needle,  wfth  a  sealing-wax  head,  should  be  used  for  pricking  off  dists  and 
kagles;  it  moat  be  held  vertically ;  and  the  eye  of  the  draftsman  must  be  directly  over  it.  The  lead 
teitti  shoald  be  hard  (Faber's  No.  4  is  good  for  protracting),  and  must  be  kept  to  a  sharp  poiut  by 
nMlu  OD  a  fine  file,  after  using  a  knife  for  removing  the  wood.  The  Kcale  should  be  at  least  as  long 
H  (he  Migeat  side  of  the  plot,  and  should  be  made  at  the  edge  of  a  strip  of  the  same  paper  as  the  plot 
b  diawB  oo.  This  will  obviate  to  a  considerable  extent,  errors  arising  trom  contraction  and  expan- 
■!••.  Uafortanately,  a  sheet  of  paper  does  not  contract  and  expand  in  the  same  proportion  leugth- 
*to  and  eraaawlao,  thus  preventing  the  paper  scale  from  being  a  perfect  corrective.  In  plots  of  com- 
■i*  Ihni  avrTaya,  ke,  however,  the  errors  from  this  source  may  be  neglected.  For  such  ^tlota  •ATts.v 
be  pnttaotwl.  divided,  and  computed  within  a  time  foo  short  to  admV\.  ot  a.w^c^^'^^'^^  «Xi«A%«^>}(v««t^ 
■My  aealaa  of  wood,  Ivory,  or  metal  may  be  used ;  bat  satiafactory  aoo\iT«LQ^  c«LU\io>*X»  ti<&VBN,w«^^ 
iboi  en  plou  nqjaMmg  B&rerml  dmya.  Jf  the  air  be  meanwhile  a\teTaa,t«\5  wwA*\.  «a^  ^-rj ,««  «^^V« 
ni«iHwnW  wmrAikMu  la  $empentun.  What  ia  called  parehmeiU  p»?er  \%  ^otiw  \ti  x-VNawav^^* 
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Mbf  u  IS  Bill  (ba  HtHqunl  DHununu  ud  »mpii»lLi>iii  of  Ibi  trianfl 

m^toMlr  Id  aoBBlMmcd  lurf  a*t>  ■  nnwb  Idot  ahould  anL  IH  laBdF  kud  oDFTHMd 
(namluled  sMkedi  ilrii^  nlloiM  is.    It  will  r"^  ••>  M  dI  ami  m'ln  In 

•HH  u  Id  OH  Hi  luMid  It  Si  i  !•  Iniuul  ol  Wt,  Ai. 

tlmil—,  •■  ukn  ItoB  tin  Bild  UDlTm  Btnnd  upon  II  In  liodrioiril. 


»r^^.^ 

bwrlpjs 

.-is^ 

M^. 

-t-'il**^ 

b;  iMil  11 

J^         i         ij> 

'  IriS! 

p       ■,'Dy 

^^■■^              ■■'    / 

K 

1)  sST ,• 

\ 

-..X'3 

4-            ii..;>i'.id 

\« 

■ 

\ 

r  d 

Ses? 

R^S                    s-i-; 

tb..d.l>. 

llir.^^i"3""«B&  +  BP!l=r»Hl!"ViSh°i!^'frZ"i3>?r«™'>5i'I 

iir,2rjsSyj!;r.s;rrt;i~.''Si'»':3r."jiJ^ 

™  fLf^VnlVkt-lBsd  lion  Ui<  nm  ol  ill  lu  I 
n  »•  4(m  luu  damm,  mlau  « ttflil  sail™!  <■ 
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If  ttoawiMy  (o  iM  horn  the  Mveral  mnglei  are  to  be  emploTed  at  eaoh  oorner. 
■  given  for  thii  parpoie,  bat  unlees  flreqaenthr  tued,  they  are  soon  forgotten. 
n*  plet  — chaaieally  prepared  obriates  the  neoeNity  for  laeh  rales.  Inasmuch  as  tbe  prlnolple  of 
pnwadiog  thereby  beooraes  merely  a  matter  of  sight,  and  tends  greatly  to  prevent  error  from  osing 
Ow  wreag  bearings;  while  the  protraotor  will  at  onoe  detect  any  serioas  mistakes  as  to  the  aoglen, 
ni  thoe  prevent  tbeir  being  earried  farther  along.  After  having  obtained  all  the  corrected  bearingii, 
ther  Maj  M  ilgwed  on  the  plot  instead  of  those  taken  in  the  field.  They  will,  however,  require  a 
Mlu  fteUMr  eorreotlon  after  a  while,  since  they  will  be  aflfeoted  by  the  adjustment  of  the  closing  error. 
Wit  Mw  proeead  to  oalonlate  the  closing  error  16  of  Fig  a,  which  is  done  on  the  principle  that  in  a 
•Htwt  ■arrey  the  nortldngs  will  be  equal  to  the  southings,  and  the  eastings  to  toe  westings.  Pre* 
pueatnbieof  T  oolnmns.  as  below,  and  in  thefirstScols  plaoe  the  numbers  of  the  sides,  and  their  cor* 
tnraes;  also  the  diets  or  lengths  of  the  sides,  as  measured  on  the  rough  plot,  if  such  a  one 
.  prepared ;  bat  if  not,  then  as  measured  on  the  ground.    Let  them  be  as  follows : 


Side. 

Bearing. 

Dlst.  Ft. 

Latitudes. 

Departures. 

N. 

S. 

E. 

W. 

NlflO40'W 
N  76°  82^  B 
8  690  25'B 
8  410    3' W 
N  7fi«>  40'  W 
8  63°  SO'W 

1060 

1202 

1110 

850 

802 

706 

1015.5 
300.3 

143.9 

890.2 
641. 

419.3 

1163.9 
1039.2 

304. 

558.2 

789. 

566.7 

1459.7 
1450.6 

1450.6 

Error  in 
Lat. 

2203.1 

Error  in 
Dep. 

2217.9 
2203.1 

9.2 

14.8 

Jkm  tnd  the  N.  8,  B.  W,  of 
Wi:  By  oMans  of  the  Traven 
"them  by  the  length  of  the  si 


the  several  sides,  and  place  them  in  the  corresponding  four  columns, 
I  Traverse  Table  find  out  the  lat  and  dep  for  the  angle  of  eaoh  course.  Mult  each 

^ .„  of  the  side;  and  place  the  prod  in  the  corresponding  col  of  N,  8,  E,  W.    Thus, 

y  ride  1,  whieh  is  1060  feet  long,  the  latitude  from  the  traverse  table  for  16°  40'  U  .9580;  and  the 
■lUUii  la  .atMH:  and  .9680  X  1060  =  1015.5  lat:  which,  since  the  side  norths,  we  put  in  the  N 
Jt  ^f*iD,  .2868  X  1060  =  S04  dep ;  which,  since  the  side  wests,  we  put  in  the  W  col.  Proceed 
■■•  with  all.  Add  up  the  four  cols ;  find  the  diff  between  the  N  and  S  cols ;  and  also  between 
■•  I  and  W  one*.  In  this  insUnoe  we  find  that  the  Ns  are  9.2  feet  greater  than  the  &■ ;  and  that 
•■▼il  are  14.8  ft  greater  than  the  Es;  in  other  words,  there  is  a  dosing  error  which  would  cause  a 
■Bert  protraetion  of  our  first  three  cols,  to  terminate  9.2  feet  too  far  north  of  the  starting  point ;  and 
•M  feet  too  far  west  of  it.  8o  that  by  placing  this  error  upon  the  paper  before  beginning  to  protract, 
*iihoald  have  a  te«t  for  the  accuracy  of  the  protracting  work ;  but,  as  before  remarked,  a  little  more 
JJhHe  will  now  enable  us  to  div  the  error  proportionally  among  all  the  Ns,  Ss,  Rs,  and  Ws,  and  thereby 
Pe  IS  data  for  drawing  the  plot  correctly  at  once,  without  nsing  a  protractor  at  all. 

lb  divide  the  errors,  prepare  a  table  precisely  the  same  as  the  foregoing,  except  that  the  hor  spaees 
■HflHther  apart :  and  that  the  addings-np  of  the  old  N,  S,  E,  W  oolnmns  are  omitted.  The  additions 
m»  aatleed  are  noade  snbseqnently. 

lltMW  table  ia  on  the  next  page. 
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or  the  aarray.*  The  oorreeted  Borthingi  and  ■oathlnfi  we  have  alNAdy  ftwad ;  m  sIm  tb» 
and  westings.  The  middle  diets  are  fonnd  by  means  or  the  latter,  by  employing  their  hmlwm 
half  eastings,  and  subtraoting  half  westings.  Thns  It  is  erldent  that  the  mtddM  diet  T  ef  i 
equal  to  half  the  easting  of  side  S.  To  this  add  the  ether  half  easting  of  side  S,  and  a  htU 
of  side  8 ;  and  the  sum  T«  plainly  equal  to  the  middle  dlst  8'  of  side  8.  To  this  add  the  ot 
easting  of  side  8,  and  subtract  a^hdf  westlDg  of  side  4,  for  the  middle  dUt  4'  of  side  4.  F 
■ubtraot  the  other  half  westing  of  side  4,  and  a  half  westing  of  side  6,  tor  the  middto  ditti 
5;  and  so  on.    The  aotnal  oalenlatlon  may  be  made  thus : 


Half  easting  of  side  2  = 


1167 

a 


=   688.5  E  =  mid  disi  of  aide  t. 
688.6  B 


Half  easting  of  side  8  =: 


1043.1      1167.0  E 
—  =    521.0  B 


1688.0  E  =  mid  diet  Of  ildeS. 
6S1.0  E 


Half  westing  of  side  4  = 


556 


2209.0  E 
=    278.0  W 


1931.0  E  =  mid  dlst  of  tide  4. 
278,0  W 


786.9       1653.0  E 
Half  wesUng  of  side  6  =  r:    893.5  W 


1269.5  E  =  mid  dlst  Of  sMe  B. 
893.5  W 


664.9       866.0  E 

Half  westing  of  side  6  =  =    282.4  W 

2 


683.6  E  =  mid  dlst  of  ride  d. 
282.4  W 


801.3        301.2  E 

Half  westing  of  side  1  = =   150.6  W 

2         — — 

150.6  E  =  mid  dlst  of  aide  1. 

The  work  always  proves  itself  by  the  last  two  resalts  being  equal. 

Next  make  a  table  like  the  following,  in  the  first  4  cols  of  which  plaoe  the  numbers  of  tl 
the  mildle  diets,  the  nortblngs.and  southings.  Mult  each  middle  dlst  by  Its  corresponding  i 
or  southing,  and  place  the  products  in  their  proper  col.   Add  up  each  col ;  subtract  the  least : 


Bide. 

1 
2 
8 

4 
6 
6 


Middle  dist. 


150.6 
683.5 

1688 

1981 

1259.5 
583.6 


Northing. 


1013.8 
298.4 


142.6 


Southing. 


392 
612.3 

420.4 


North  prod. 


152678 
174116 


179605 


506399 


South  prod. 


661696 
1240281 

245345 


2147822 
506399 


43560)1640923(37.67  A 


*  Proof.    To  Illustrate  the  principle  apon  which  this 

rule  in  based,  let  a  5,  5  c,  and  c  a,  Fig  6,  represent  In 

order  the  8  sides  of  the  triangular  plot  of  a  sunrey,  with 

a  meridian  line  <(/ drawn  through  the  extreme  west  cor* 

ner,  a.  Let  lines  o  d  and  c/  be  drawn  (h>m  each  comer, 

perp  to  the  meridian  line ;  also  from  the  middle  of  each 

side  draw  lines  w»,  mn,  ao,  also  perp  to  meridian ;  and 

representing  the  middle  diets  of  the  sides.    Then  since 

the  sides  are  regarded  in  the  order  a  ft,  5  O)  e  a.  it  Is 

plain  that  a  d  represents  the  northing  of  the  side  a  b ; 

fa  the  northing  of  ea;  and  d/ the  southing  of  5e. 

Mow  if  we  mult  the  fiorthing  ad  ot  the  side  ah,  by  its 

mid  dJst  $ w,  the  prod  is  the  area  of  the  triangle  abd. 

In  Hke  maaaer  the  northing  fa  of  the  side  e  a,  mult  by 

JtMalddhtso.  gtveatbe  area  of  the  triangleae/.  AgaVn, 

tbe  t0t*tA/nff  d/ot  the  aide  i  e,  molt  by  iw  mid  dlstmn, 

fl^eatbe  stvm  of  the  entire  Bg  dbe/d.    If  from  thVa 

°S£A'li2'-X™"*'.*'^<*«'*'J'  *<»•  «*»  o*  ik»  plot  •*  0. 
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Tk«  rem  will  be  the  area  ef  the  evrrey  In  eq  ft ;  which,  dlT  hj  4S5M,  (the  aamber  ef  eq  ft 

),)  will  be  the  area  in  buhm;  Id  tliU  iu«uiii«e,  97.67  aa. 

It  ■••  I— laa  aaij  to  eaiealioe  the  ourraoird  iNwriugd  aud  lengths  of  the  eidea  of  the  larrej,  all 

vhlek  are  neeeeaarilj  ehaugcd  bj  the  adupiion  of  Uie  oorniOMid  lau  aud  depa.  To  flu«l  the  bvarlog 

mg  ■Me*  <Uv  iw  de|>aruire  (Jfi  or  W)  bj  iu  lat  (S  or  8> ;  in  the  table  of  aat  tang,  hud  the  quot ; 

SOI  s  w 
•  aagto  eppoaite  It  la  the  reqd  angle  of  bearing.    Thua,  for  the  oourae  ef  eide  2,  we  have  "j—^  — 

jnss-nai  tang;  eppoalte  which  In  the  tablets  the  reqd  angle,  ISP  83';  the  bearing,  theretors.  ia 
lists' W. 

Again :  far  the  dint  or  length  of  any  side,  fMm  the  table  of  nat  leoanta*  take  the  see  opposite  to  the 
|K  of  the  onrreoted  bearing;  mult  It  bj  tue corrected  iat  (M  or  ti)  of  the  aide.  TiiUd,  lor  the  dist 
Hde  1,  w«  ttud  opposite  l«o 8S',  the  see  l.U«t2.    Aud 

See.  Lat. 

l.OWt  X  1013.8  =  1067.6  the  reqd  dist. 

Ike  Mlowlag  table  eontains  all  the  correetions  of  the  foregoiug  turvej ;  oonsequentlj,  if  thebear- 


1 

2 
3 

4 
6 
6 


Bearing. 

Dist.  Ft 

■  N  1003a'  W 

1067.6 

N  7j°3»'  B 

VJM.O 

8  Oyo  23'  E 

1113.3 

8  4uo  63'  W 

849.6 

N  ltt0  44'W 

mo.i 

S  bifi  -Jl'  \V 

704.3 

.9-..^. 


m  and  dUts  are  eorreetlj  plotted,  thej  will  oloae  perfectly.  The  jnnng  atslttaot  is  adriaed  to 
•mite  doing  tliia,  as  well  as  dividing  the  plot  iuto  triaugleu,  and  computing  the  eouteut.  lu  ibis 
aaacr  he  will  soou  learn  what  degree  of  care  is  necessary  to  iusure  ncourate  rctfulis. 
Oeder  the  beads  Mensuration,  Ueouietry.  and  Trigonnnietry  will  be  found  niucb  pertaining  to  land 
irrtjlng.  See  Beiaark  after  Pandlelograms.  The  folio*  iug  Liuisiu  addition  may  be  or  servioe. 
a.  Avoid  taking  heart ugs  and 
IsisaloBKa  drcultooa  bound-  L 

ryliDelik«a6c.Fig7ibntrun  %, 

ha  atralght  line  a  r ;   aud  at  • 

i^  angles  to  it.  measure  off-  •' 

■M  to  tlie  crooked  line.    2d.  •' 

VUitag  to  survey  a  straight 
halkeai  a  to  e.  bat  being  uiia- 
Ibla  direet  the  instrument 
IMWy  toward  e.  on  aecoont 
'tutiiealn^  woods,  or  other 
AMartes;  flm  run  a  trial  line, 
■  am.  as  nearly  In  the  proper 
flnstfen  as  can  be  guessed  at. 
ansare  «  e.  and  say,  as  a  at  Is  to  at  c,  ao  Is  100  ft  to  T  Lay  off  «  a  canal  to  100  ft,  and  o  s  eqnal 
tot;  and  ran  the  final  line  a  «  e.  Or.  If  m  c  ia  quite  amall.  CMlculaie  OR'<eU  like  o  «  frtr  every  100  ft 
■jtif  SHI.  end  tbns  avoid  the  necesHitj  fnr  runnloga  second  line.  3d.  When  c  is  vinible  fmro  a.  but 
■•  iatervenl'-g  ground  difllcult  to  measure  along,  on  acoouni  of  marshes,  ke.  extend  the  Hide  y  a 
tiRandgmnod  at  (:  th»n.  making  the  anale  y  t  d  equal  to  jy  a  c.  run  the  line  (  n  to  that  poii>t  d  at 
■■liil  the  anale  n  d  c  is  found  by  trial  to  be  equsl  to  the  anale  at  d.  It  will  rsrely  be  neeesFsry  to 
■As  more  than  one  trial  for  this  point  tf:  for,  suppo«e  it  to  he  made  at  x.  rec  where  it  strikes  a  c  at 
jiMumreie,  and  continue  from  c,  making  xd-ic  4th.  In  catie  of  a  very  irregular  piece  of 
j|>t.«ra  lake.  Pig  8.  surround  it  by  otraight  lines.  Rurvey  these  and  at  right  an^len  to  tbeni, 
oflieta  to  the  crooked  boundary.    5th.  Surveying  a  atralght  Hue  trom  w  toward  y,  Fig  it. 


II 


R6.10 


•  miadla.  0,  le  owt  with.    To  paaa  tt,  lav  off  a  right  angle  wtu;  measnre  any  t « ;  make  (  «  «  =* 
f*;  Bwasure  «  *;  make  n  v  i  =-S0°;  make  v  i  =  t  «:  make  «f  y=-9no.    Then  is  f  f  =  «*;  and 
r  ia  In  the  atralght  liue.    Or,  with  lesa  trouble,  at  a  make  t  ga  —  mi;  measareaay  ff  a;  make 
a«=iDC •  and  «t  =  ga:  make  as  <  =  <M)°.     Then  It  ffa=:  g  aor  a»;  and  i  s,  continued  towmrd 
la  hi  the  airatght  line.    6th.  Being  between  two  otyecta,  m  and  n.  aa4w\ii.Yk\iif.  Vn\\aciK\&^*^^  V^ 
■ft  with  them.  I  idr  m  ttnlgbt  rmf  e  i  on  ihe  ground,  and  potnt U  to  oiw  ot  \\v«  o\}>«v»  wv \  >X^*^ 
mtim  tk^emde.  1 6od  thmtlt  don  not  point  to  the  other  oVW-ct.    "By  »\»oc*M\N*Nt\a\*,\  tvT*«^  vV>' 
^ifcw  #4  ia  wkiot  Itpolou  to  both  ottfeeta,  and  eoDseqocntlj  ia  In  T^nfe  w\xii  Vbam^V^^^ 
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to-  jyTw  at'mml  tor  Jln.  Hmir.  wblM  imarliiagr  irdiKD  MU.ntilAuHua  aul 
lD«aii4urMMUii(i  HilmsHpm  IM  u»n>s  HSik In  •4f*Mi <if  (v  itarBl  •briDdlH 
■tiri.  HalUHi^  kr  IM    WIna  tM  (rand  )•  wj  iIoiiIMi  ■»  lkl>  BkilHlia  bv  ■"  " 


" 

™™ 

■  nil 

KT.LDKB. 

<»-»• 

XS' 

Bl..ln 

Sinp, 

0^„„ 

R...ln 

Sl~p. 

rirt.« 

■ll...n 

il™ 

Xlf 

H 

dA- 

oii- 

iwl. 

■J 

311 

« 

1" 

<» 

Sis" 

'^ 

~j^ 

"iis 

1 

^g}" 

S 

s 

1:!^ 

iJ! 

,J 

i 

.m 

J 

m) 

«U 

J 

BM 

11  SI 

IM 

9)91 

.118 

11 

^ 

.<M 

H 

s 

s 

4.m» 

X 

JU 

ll»l 

H 

.811 

IMS 

\ 

:!« 

1.1 '• 

'a 

B 

ii-s 

"a 

5s; 

S 

IIM 

K 

IMl 

H 

IJW 

H 

) 

l™ 

J 

\.m 

lis 

g 

t.an 

».« 

"s 

jau 

».ll4 

a.w 

Mi 

elm 

m* 

IU3 

N 

J81 

e.Trt 

»»j 

M 

KH        1.       t-camiM                       m                «             in         toMti 

rj^ir*;?^]?;'^;^;-^                                 ¥"t: 

y. 

5  i? ,         ■::;;i« 

t                                    c 

Fifi.ll        ■"                                  -   tt 

The  niiow  BK  THbir 

Tbe  fnttr  flnver*  aC  ll>e  liniid,  lield  at  liglit  aiiEln  t 


LA.1TD   BURVEYIXG. 


■nd  a  Merldlnn  I.fnp  'a  trn*  Norfh  nnd  Sonth  line)  by 


mpHHS  of  the  Nurih  Star. 


M:«3SH«S?S;: 


4r4S26~''""-'- 


1  rrii^^.Sis^^f'^iS'^ 


Tkr  ^IIswIbk  Table 


Til*  rmir  anxen  sf  tbe  hnnd.  h>4d  (t  rii^i  msW  Id  Ih?  rnin,  ■Mlfl 


LAND  SURVEYING. 


lUl 


■  iMBodiffifliiltj  ia  flndiag  Alioth,  m  it  Is  one  of  the  7  bright  stare  In  the  flneeonstellation 
mu  as  the  Oreat  Bear,  or  the  Wagen  and  Horses.  Alioth  is  the  home  neareet  to  the  four 
the  wagon.  The  two  hind-wheels  t  t  are  known  to  everjr  schoolboy  as  the  "  Pointers," 
etjr  paint  nearly  in  the  direction  to  the  north  star.  The  relatire  positions  of  these  7  itara, 
n  Wig  U,  is  tolerably  oorreet. 


said  that  Alioth  is  nearly  in  a  vert  line  with  the  north  star  when  the  latter  is  on  the  me- 
refore  the  stakes  fixed  when  these  stars  are  exactttf  in  line  cannot  be  predtdin  in  a  meridian 
lasmuch  as  the  error  is  iesa  than  half  a  min.  and  consequently  too  small  to  be  appreciated 
I  snrreying  instruments,  it  may  be  disregarded. 

r  the  other  of  the  foregoing  methods  a  meridian  line  can  be  found  by  means  of  the  north 
time  of  the  year,  if  the  plaoe  is  not  farther  south  than  abont  iP  or  SP  north. 


IlRK  Oir  TKE  FOIiT^OWINO  TABI«E  OF  NATITBAI* 

SIBTJBS,  ^e. 

wing  table  does  not  oontain  nat  rersed  sines,  co-rersed  sines,  secants,  nor  cosecants, 
lay  be  found  thus: 

Veratd  Shu.    From  1  take  the  nat  cosine. 

Co-veraed  Sine.    From  1  take  the  nat  sine. 

Seetmt.    Divide  1  by  the  nat  cosine. 

Cb«<e<mt.    Divide  1  by  the  nat  sine. 

id  tlie  sine,  cosine,  or  versed  sine,  of  an  angle  exceeding  90°, 

iogle  from  ISO'^,  and  find  the  sine  Ac  of  the  remainder  in  the  table.    This 

ipply  to  tangents. 

ansreiits  in  the  table  are  strict  trigronometriCRl  ones ;  that  is, 

to  given  angles,  as  described  on  p  63;  and  which  must  extend  to  meet  the 

r  the  angles  to  which  they  belong. 

■arjr,  or  i^eonietrical  tangents,  as  those  on  p  66,  may  extend  aa 

please. 

m  fleld  j^rmetiee  of  railroad  enrves,  tvrotT\^o\io\sv«\.t\^^N»'^'- 

mJaUe  where  tbey  meet  each  othev;  and  the  correftpoudVus  a«cKDX»  ^^^>^^ 

tmrmiimte  »t  tbmt  aame  point. 
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liAND  SURVETING. 
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fB«r  flBM  htiow  It*  top.  Tk«  f rep«r  diii  a  •.  of  the  pole  •  ».  from  the  ta¥to  I  «.  ikai 
tha«:  Mike  »a  angle  nm«,  equal  approxloiaiely  to  Ine  laibf  the  plaoe.  Open  a  pair  < 
to  aqaal,  bjr  anjr  ounveaieut  Male,  the  height  t  a  of  the  tabte :  and  draw  t  a.     Then  ti 

same  scale,  the  height,  p  o,  of  the  pole  above  ground ; 
it  ttpoo  the  skeiob,  so  tbat  the  top  p  shall  be  by  sc 
two  atiove  m  n.  Then  a  o,  by  the  name  seale.  will  be 
dixt  read ;  probably  (Vom  H  to  5  yards.  A  deviation  of 
from  tblit  will  not  be  important. 

Tbe  correct  olnelc  time  at  any  place,  for  the  elongati4 
fbuud  within  a  few  min  from  the  following  table.  T 
ones  take  place  aboat  6  hours  before,  and  the  weste 
hours  after  th«  timet  in  the  table ;  which  are  those.  i 
S  min,  at  whioh  the  star  is  eiaotly  above  the  trae  i 
The  observer  should  be  at  his  station  at  least  }i  of  i 
advance  of  tbe  time.  Placing  the  board  a  a.  upon  the 
In  range  with  the  plumb-line  and  star,  he  will  watch  be 
through  the  vert  slit;  iilidiag  the  iMiard  along  the  tal 
keep  the  elii  in  the  range  as  long  as  tbe  staronutinn 
toward  tbe  east  or  west,  as  the  case  pay  l>e.  Au  assii 
hold  a  candle,  or  iaotero.  on  a  pole  near  tbe  plumb-lin 
the  observer  to  see  the  latter.  As  tbe  star  approaches 
tloQ,  it  will  appear  to  more  nearly  vert  for  several  min.  so  that  it  can  be  seen  without  i 
slit.  Wbea  oertaio  by  this  that  the  xtar  has  reached  its  elongation,  confine  the  sliding  hi 
table  by  sticking  a  few  taoks  around  iti  edm^.  Tbea  let  a  third  person,  with  another  cai 
•omedist,  (a  hundred yard><  or  more  if  oonvenient.)  in  a  direction  toward  the  sur;  and 
a  fltake  an  directed  by  the  observer,  who  will  take  care  that  it  is  exactly  in  range  with  t 
plumb-line.  Another  stake  must  then  be  driven  exactly  under  either  the  slit  or  the  | 
Having  thus  placed  tbe  two  stakes  in  the  range  of  the  elongation,  defer  the  remainder  of  tb 
until  morning.  From  the  table  of  nat  »iaek.  ko,  take  out  the  sine  of  the  p<»lar  dist.  ai 
secant  of  the  tat.*  Mult  these  together.  The  prod  will  l>e  the  nat  slue  of  a  certain  angle 
azimutk  of  the  star.  Find  the  sine  in  the  table,  and  take  out  the  nat  tang  which  oorresp 
Tbii  is  the  tang  of  the  asimuth,  and  iii  to  be  used  in  the  final  operation.  Meanure  oarefu 
between  the  two  stakes.  Mult  thiA  dint  by  the  tanmnt  of  asimuth  just  found.  The  pi 
a  dixt  in  ft,  which  munt  be  laid  off  from  the  northern  stnke,  at  right  angles  to  the  mew 
and  in  the  direonoo  to  the  east  if  the  elougatton  is  went,  and  vice  veraa.  At  that  point  or 
stake,  and  remove  the  old  one.  Tbe  two  remaining  stakes  are  in  a  true  north  and  nonih  lin< 
be  anpponed  that  after  driving  tbe  first  two  stakes,  a  true  meridian  could  be  had  by  merelj 
the  polar  dixt,  by  means  of  a  compass  or  transit ;  but  tbl:*  in  not  so.  Place  tbe  coropai 
foutb  Ntake,  and  take  sight  to  the  north  one.  If.  then,  the  north  end  of  the  needle  points 
line,  the  variation  of  the  compass  is  east,  and  vice  versa. 

Approximate  Tlin«,  by  a  correct  cloclc,  nt  any  p1n<^« 
Bforth  Star's  pasttlny  tbe  meridian  above  tlie  pol< 

Correct  until  the  rear  1880,  within  a  few  min.    It  will  pans  the  meridian  below  tbe  pule 
time,  very  nearly ;  but  at  A.  M.  instead  of  P.  M.,  and  vice  versa. 


DAT  OF  THE  MONTH 

« 

Iflt  Day. 

11th  Day. 

2l8t  Day. 

Jan. 

6  26  P.M. 

5.46  P.  M. 

5.  7  r.  M. 

Feb. 

4.23     " 

3.4 1     " 

3.  5     " 

Mar. 

2.33     « 

1.54     " 

1.14     *• 

April 

12.31     « 

11.52  A.  M. 

11.13  A.M. 

May- 

10.3:B  A.  M. 

9.54     " 

9  15     « 

June 

8.32     " 

7.53     " 

7.13    « 

July 

6.34     " 

6.55     " 

5.16     " 

Aug. 

4.33     " 

8.64     " 

3.14     " 

Sept. 

2.31     " 

IM     " 

1.12     « 

Oct. 

12.29     " 

11.50  P.  M. 

11.11  P.M. 

Nor. 

10.27  P.  M. 

9.48     " 

9.  9     " 

Dec. 

8.29     " 

7.50     " 

7.11     « 

For  darn  of  the  month  intermediate  of  those  In  the  toble.  it  will  be  near  enongh  to  mal 
4  mm  earlier  each  8UooeedlDgda.v. 

During  nearly  all  of  the  four  nionthn.  March,  April.  September,  and  October,  the  elongi 
place  in  daylight:  so  that  this  method  cannot  then  ho  uned.     Nor  can  it  b«  u«ed  at  anv  tin 
south  of  about  4°  north  of  the  equator,  beoanae  there  the  north  nUr  l«  not  visible.    But  i 
time  a  meridian  raav  be  fbnnd  by  recoII«wting  that  when  the  north  ntar  n  in  on  tk«  m«riil 
other  words,  is  tnUy  north  from  u«.  then  the  star  Allofh,  a.  In  verv  nearlv  verticallv  ahm 
north  ntarnis  on  the  meridian  helow  the  pole:  or  below  it.  as  at«"'.  if  the  north  utar 
the  meridian  above  the  pole.    When  the  north  starn'  Is  at  its  ea*t  eloamtion.  Alintb 
ea//_r  weit  of  It.  an  at  a':  and  when  the  north  nur.  n".  I«  at  its  went  elongation.  Alioth  in  h 
nfuLhu    '"m.*^  "  '     "*"  **•*  '*  neoe""*'!*  therefore,  la  to  prepare  an  arransement  of 
w/i/hm      .    *"•  /"Wfnei.v  an  before  ;  except  that  tb«  p\Qia\\\\np  tow^Xm  wmw  the  nbae 
tbJ<i2ft^         »»'«toft  Allnth  above  the  north  at«r.    Vatoh  lhTo\\«\v  tt\«TR«>'«*.\A*»\\\.tn)k^\\ 
!o  *  /r/TL  J*''5J'°*T'"'  ****  n^rth  "♦*»•.    Then  pni  \n  two  i»t«\e*  «*\>*>t«xT*.  MkA.\XMi  V 
^e  aorth  and  mouth  Hoe.  withoat  requiring  any  *\t«rM\«ii  toT  «\Tau««k. 


•  \^»a  fooi-nottt  p»K«  VI . 


LAND  SURVEYING. 


lUl 


«■■  bOBodUBeoUy  in  fladiog  Aliotb,  u  it  !•  one  of  the  7  bright  stara  in  the  flneeonsteilatlon 
kaovn  m  the  Grant  Bear,  or  the  Wagon  and  Hones.  Alioth  i«  the  home  nearest  to  the  four 
tt  the  wagon.  The  two  hind- wheels  t  t  are  known  to  everj  schoolboy  as  the  "Pointers,** 
th^  Mint  nearly  in  ^e  direction  to  the  north  star.  The  relative  positions  of  these  7  stars, 
h  in  Fig  U,  is  tolerably  oorreot. 


ve  said  that  Alioth  is  nearly  in  a  vert  line  with  the  north  star  when  tlie  latter  is  on  the  me- 
herefore  the  stakes  fixed  wheu  these  stars  are  exactti/  in  line  cannot  be  preeiedt/  io  a  meridian 
t  inasmuch  as  the  error  is  lesa  than  half  a  min.  and  conseqaently  too  small  to  be  appreciated 
ion  surveying  instruments,  it  may  be  disregarded. 

)  or  the  other  of  the  foregoing  methods  a  meridian  line  can  be  found  by  means  of  the  north 
ay  time  of  the  year,  if  the  place  is  not  farther  south  than  about  4°  or  6*'  north. 


[ABK  ON  THE  FOI<TiOWIlir«  TABI<E  OF  If  ATUBAI^ 

SIJBTES,  ^e. 

(lowing  table  does  not  contain  nat  versed  sines,  co-versed  sines,  secants,  nor  cosecants, 
I  may  be  found  thus : 

Verged  Stne.    From  1  take  the  nat  cosine. 

Co-verted  Sine.    From  1  take  the  nat  sin*. 

Secant.    Divide  1  by  tiie  nnt  cosine. 

Ooteeant.    Divide  I  by  tbe  nat  sine. 

Ind  the  *in<N  c^siue*  or  versed  slne^  of  an  angle  exceeding  90°, 
9  angle  from  180^,  and  find  the  sine  Ac  of  the  remainder  in  the  table.  This 
t  apply  to  tangents. 

tAn«reiits In  the  table  are  strict  trigronometriGal  ones;  that  is, 
M  to  given  angles,  as  described  on  p  d3;  and  which  must  extend  to  meet  the 
of  the  angles  to  which  they  belong. 

liMMrjr,  or  i^eonietrical  ttuMgentm^  as  those  on  p  66,  may  extend  aa 
re  please. 

Ii«  fleld  jM-aetlee  of  railroad  eiiwe»,t^otT\^\iQTsv«VcV:^x»xv 
rmlamte  where  tbejrmeet  each  other:  and  the  C0Tr«R^Xkd\&a«vsMx\»NtQ^3\^ 
^  tenaiomie  mi  Out  Bune  point. 
12 
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■■  The  table,  pp.  eOS-eia,  h  is  fumiih  Ihe  iDsic 

■li  ■ifiil  eilobt  tCi  luliLeud  the  aoKle  H     * '^ 

:  -I,  wtlh  wbicb  UiB  on  Ja  dewsiiljiid 

^    "LivenlFijca  »iU  pttmit;  uidltla  la 

1:  iDdiuugt  bo  decloiilly  divided, 

I-  tiliiM  Iti^rn  Mis  Uble.  ia  which  their  led itlhi  nra 

■Uboiutaof  bit<lmlL.    ^TluHdeHcrlbBd  tbe  arc,  find 

fciEHb^  tbe  l«igtb  of  tbQ  chord  «C  comajjODdLjiD  to 

-mileaet.    Let  Ui aappasa  IhU bueIc  to  be  «ti° ;  ibea 
■(UlUUiBUbulu'otaaniia.;Ulli?uuriadl.  There- 

hmiiwala*  i>(r  the  ofaord  nl,  eaiul  (a  .^tHot  our  radiaa^cale;  uid  tbB  line 
l^tklvtl^thB  point  loUiroria  the  reqd  anKle  a  c  r  of  16°.  Aoi  aa  tC  aeb 
bffkadwneof  ucum^  mtuUtieil  will  FWdantlV  dopmd  ou  ibe  lenglb  of  Iba 

f  Iha  Kme  llmiU.  the  protisctor  "ill  mnaJly  be  proferablo-    The  dt- 
_.  , ..  m  (J,  g^||„t(,  „fc  of  more  nian  about  a 

je  Judged  by  eye,  )Ve  tbat  avoid  muck  use 
* IiKUe<.Fnbber,  And  dullJng  ol  tba  peacil.poioL  'For.  Urger  nulU  we  muy  dli- 

er  jtrip  <ni(b  one  odj^  dLvidcd  to  a  radiue^cHle]  froB  n  toward  r^  wa  «□ 

KM  utgle  udts  apiuse  lu  the  Hublect. 


OOUTOUE  LINES. 


1^-wrtdi.B 


ir  Ilnea  ^  s'lc,  94c,  Ac,  Fig  1,  ialkaieii  thu  arm)'  point  la 

■  >r  ths  atartlug  point  of  a  enrvej  1>  taken  lu  Ivlng  0,  or  lera. 
tliara  la  a  proliuIilUty  of  many  loHuI  pulun,  ft  iTbenBr  la 

III  tble  11  tu  aruld  tbe  UuWllt;  [u  error  whleb  arltee  when 


iT-BlilieK.    But  in  ragione  of  wbicb  the  iniHigrapbir  li  compura- 
I  wUere  ooaaequently  nhexperIM  obttaulM  may  oemr  vbleb 

10  greater  widths;  and  fur  aiprdldon  the  vertlrjil  illite  apail 
~i,  orcfBn  10  ft,  depeDdlaE'tii  tbe  oharkCLer  of  tti^r  country, 


'  i;  t.  itai-llng  niun  0,  repiw 


"w  .ui.B/i  null  loi  lue  nuiiili.iri  iaQ,\«a,\ov,v*.'-^>^ 

■  i'-iiir;jne«  ji  to  iliow  la  tba  offion  «h&l  «oa.\4  *«ftv«^ 


cosTOFB  lanea.  ^H 

TkM,  if  U  ihaBU  ta  B«nl  IM  fl  u  (k  Wl.  tiK  (Untu  polnl  0 

■Mm  3  wmu  to  *U«T  ft  fajflm, 
I  lo  the  ri^l,  il  vin  ^aildj  In  on  toi 


»»rijWTl|!hl«nglMtulh8MiKrlIno  Afi  u  liE  o>o  jud|[B  ty  ajn ;  ud  M 
If  tiffK  lunrnmiait  iipun  tt.  ho  lakci  ihe  .iigLe  of  tho  ali^g  o*  Iba  «inB»d  M 
Mr«t  ^^  of  Hde^n.    He  alwi  olHervM  how  fnr  beyond  tba  nd  tfaedufvoDOM 


CONTOUR   LINES. 


149 


91 


''vm'' 
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)lutely  necessary  to  represent  the  slopes  roughly  in  the  field-hook,  as 
by  using  the  sign  +  to  signify  "up;"  — "down;"  and  =  "level," 
f  be  writ- 
ight  line, 

ving  been 
-eparation 
:  lines  by 
tn,  is  of 
'ork ;  and 
le  at  the 
the  draw- 
,Ac.  The 
ns  at  each 
len  sepa- 
y  protrac- 
HS  shown 
e  starting 

scale  should  not  be  less  than  about  y;  ineh  to  a  ft,  if  anything  like 
icd  at.  Suppose  that  at  said  station  the  slopes  to  the  right,  taken  in 
5,  aa  in  Fig  2,  15°,  4°,  and  20°;  and  those  to  the  left,  20°,  10°,  and  10°; 
;hs  as  in  the  same  Fig.  Draw  a  hor  line  ho^  Fig  3;  and  consider  the 
t>o  the  statiou-titHke.  From  this  point  as  a  center,  lay  off  these  angles 
tor,  us  shown  on  the  arcs  in  Fig  3.  Then  beginning  say  on  the  right 
arallel  ruler  draw  tlie  iirst  dist  a  c,  at  its  proper  slope  of  15^ ;  and  of 
th,  45  ft,  by  scale.  Then  the  same  with  c  y  and  y  t.  l)o  the  same  with 
ft  liand.  We  then  have  a  cro^st-iection  of  the  ground  at  Sta  0.  Then 
in  Fig  1,  draw  a  line  as  m  n,  or  h  u;,  at  right  angles  to  the  line  of  road, 
rough  th  3  station-stake.  On  this  line  lay  down  the  hor  dists  a  d,  a  «,  <  v, 
rking  them  with  a  small  star,  as  is  done  and  lettered  in  Fig  1,  at  Sta  0. 
ne  accuracy  is  pretended  to,  these  hor  dists  must  be  found  by  measure 
IS  a  general  rule  it  will  be  near  enough,  when  the  slopes  do  not  ex- 
lume  them  to  be  the  same  as  the  sloping  dists  measured  in  the  field, 
how  high  each  of  the  points  cytlni\9  above  datum.  Thus,  measure 
rt  dist  ii  c.  Suppose  it  is  found  to  be  5  ft ;  or  in  other  wonis,  that  c 
ition-stake  0.  Then  since  the  level  at  stake  0  is  100  ft  above  datum, 
bo  5  ft  Ze<x,  or  100  —  5  =  95  ft  above  datum ;  which  may  be  marked  in 
:il  figures  on  the  map,  as  at  </,  Fig  1.  Next  for  the  point  y,  suppose 
)e  11  ft,  or  y  to  be  11  ft  Mow  stake  0 ;  then  its  height  above  datum 
11  =  )«9 :  which  also  write  in  pencil,  as  at  s.  Proceed  in  the  same 
foxt  going  to  the  left  hand  of  the  station-stake,  we  find  e  £  to  be  say 
bove  the  level  of  the  station-stake,  therefore  its  height  aboTO  datum  is 


/ 


!  ft,  as  figured  at  «  on  the  map.    Lei  f^g  be  6  ft;  then  is  n,  100  +  5  =» 
itum,  us  marked  at  g\  and  so  on  at  each  station.    When  this  has  been 
1  stations,  we  may  draw  in  the  contour  lines  of  that  portion  by  hand 
)  they  are  to  represent  vert  heights  of  3  ft.    Beginning  at  Sts^oxv  O 
height  above  datum  is  100  ft)  to  lay  dowii  «tCOTi\«i\w\vaft\^*^«^"^^ 
at  once  that  the  height  of  103  ft  must  be  a.1 1,  ot  »X\4^^  ^iXlxwa.  < 
igbt  lettd-pencil  dot  at  ^;  and  then  go  to  tiv©  i»xX  ^itoJiJtfi^V   ^^J 
^ight  of  103  n  coiucidee  with  tb«  ftt»tlouHtUSL«  VVi»Vl\  \?»«»  ^^ 
Sta  2.    The  lerel  at  this  stake  in  lOV  ;  th^TOtow  t^*  wsrs*««  ^^^ 


BIALUKO. 

i>t  eviienlly  b. S  ft  higher, nr i.ti,%ot  Ihe  dltt  from  EM 
...    .  .     -"  ai  go  u,  Bta  a.    llcrs  the  lerul  tnlug  I0« , 

Ly.uriurtheiUitiramEtiiaio +99;pii(idot«ly.  1 

Jns1ineih™.gh(,Sl,(,md!,iKiid  ibi.  contoWllaeel 

L  Ail lliB oUien an  pTppamd  in  the  wiiH  way, uofl by Dds.  Tbaln4< 
w  HSDrednpun  It  >t  iliDrt  iatenvlB  Hlonglhu  nup,  uitloSe.  lOU,*' 
vl  af  flnt  pluliig  tha  -t-  paln^Dn  themnp,  iDdanoEe  thealrof  Olfl 

wbleh  repmFiii  ibe  pflniej,  SI,  i,y,  tc.  ut  tin  conioDn  then 

irof  the  grouna  hu  bfwii  i.nip«rtd  u  before ;  und  th»t  ■■■•'irBnl  tlM  *• 
theiuHe,  u  cudtDui  lln»  for  94,  e7,  lOI  H,  Jtc,  3  ft  epsriveit.  I 

■-^^- -V  1 


Btaw  B  Tort  line  r !,  Ihrongli  His  Blntion  stake,  bdA  on  It  by  enle  (nark  Irf 
KBI.IOO,  Ac.  ft.  TliU  b  ivBdlly  aoni?,  inumni:U  u  wo  hme  Ths  laTcl  IW  j 
itake  Already  E^vva.  Tbrouab  thtBo  1vvel«drav^  thttbor  llnejfl,  A,  m,Hi  Ac'J 
ground.fl[oDee.  Then  Ibfse  bnfe. niBafUred  by  tiie  KMlo,  plainly  Eiva  tb/arm 
dleta.  <l 

In  the  lleld''nMfDrI^t!l?r  than  lUU  ft. 'tha  prrpantion  of  coploiir  U»«J 

^  loch  to  a  eldo,  for  dravlng  the  crosa-ewtlons  uiino,  J 

When  lliu  grDUUd  le  vor;  ilecp.  It  i>  uual  to  ibade  >ucb  portkiiu  of  tbe  4 
reprwant  hill-Bdo.  The  closor.lonellier  (haoontonre  coniB,  Iho  llBBpoT  of  «a 
thtt  RTOuud  between  ttiem^  an^l  ttw  itindjog  ahonld  bv  proiHTtlonnlly  dvheril 
portlobB.    Bat  for  tmriiiij/  mape  It  Ib  beattoofnlt  the  Bbading.  -, 

meneurlii^  the  anglen  of  slope,  Inat^d  of  tho  conuoon  elopB-iDetcomeiit.* 


DIALLINQ. 


'mo',  IBsrHBllit  Biery' BUUoo  Wll  bi 


d  dnirthB  otiwr  hnjr  of  llii'  Fl|j,  mkpud  i^qonltu  (be  Ibluuded  tUck- 
anon,  or  itxl*.  or  the  ilinl ;  Kad  dmw  d  1^  pual1t^1,tuid  aitul  tu  uU ;  utd 
tai».prH'iie1}ilnilliirU)ilisiirornA.  BetuMuaendu.  0Nlli«*rD>g«>, 
liana  H|n>J  to  Itirwe  on  IhP  trc  rsiA;  and  Dnmber  ttasts  fW  ths  hoan, 
■^  rii1DQe,{wuDd  Ifl .     ."  ^ 


bo9 
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BIbsb  of  drawing'  papent. 
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f si«  >;  s        M'^'"" ?^  X  ;iK 

k W     X  ffl         I      Itemr - iflJl  X  1B14 

■Su^lirapatiLtion;  thcJBra.hpirncer.DfllliranHltqualili^  Whaa 

md  (/nfed  jnopen.  for  Ilia  use  of  «ne;lniwn,  loe  tiuuV  \u 
iaat  Ktrnt.  Wtiftlra  M.  S4,  and  60  Inx ;  ™\»\  \EniiSVa  mv  w  « 
teontoi-wjOdydBurmure.   Thfse  mw  "«u  »»  Vo'^*™**- "^^^ 
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miof  Hilipqa!tiaobrBi»irtliil  roTolotiou o 
or  wliHQ  MettiriK  Che  liipod  down  flddih-Dlj  npuu  tubKfuiunk;  uui 
iha  bib^Meetiim  iif  the  Ui^in  1b  dirocted  Co  tiio  tt^vgnt-todj  thid  duiunnmval 

lij  WD.^hJt  •rialilM  Uia  leialjac  ta  He  [li»I  ILe  nMl-iom  huWi  hli  rod 
-'-"'-■-    "kiluttlrsusBtuJUiroiirreijl  WolliDg,    If  perfeot  Tertloiaity 


wd,  tiie  bur  tuicwil)  lie  Ktiuilly  lowarvd,  bnl  appuDntl;  i^iod.  l^iiii 
ff  gUHaiiri  the  e)'«'pLiH^  E  rv-tna  the -Appitteflt  pualllop  i^toi^sviminrC^i 
kfCDpfli  whUih  tffsct  ie  ubvihtvd,  m  re^il^  exffrior  DldectB,  hy  moaMof 
.^1^0.  ThinmiiiitlisramuailKndwheuBiU'ullnelhecroBs-hairsirarU'i 
■n  111  Mrlkt  tiio  lilgh.il  m Ml  be  raised  Kill  blither;  IT  11  »pppaia  to  bo 
D&rto  the  risht  or  l«n.  It  must  baBctnallf  moved  still  more  in  Ihenma 

nUt,  honever.  dou  not  avplj  to  ('ole«apa  wKiiih  make  DhJacti  ippetr 

hsiiD  by  the<i 
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Hken  the  puitbDi  nbprBj  nre  pat  upon  Iho  spindle,  ejid  bstened  1 
nil  ttw  utipoc  partmuT  be  Bwuug  nimid  lior,  In  either  dlrectlna.  bi^loeaiilu 
cuHr-tmnrllgiirtintaiidUoii  muf  toprovBDted  hy.ilabieDlnsttiiiiitaiinr.*! 
qnenUT  haiipFii>;i>ft«T  fho  lulwcoiM  1IU  Seen  sighted  Torj  nou-ly  upon  nu  61^ 


B^  be  giien  atn 
ofwhlnhuviwm 


■I,  DXIena  alxlVD  tfie  AmeT  DlnM.     ITbrn  the  inilTOnn 
>r  levelling^  Iha  LovdR  pusTleT  plate  1  is  iicT.-r  bar,  nnl 
ec<w»r;r>liBlltlllwM1>e.    BnlfoclsiellinE  thonj 
her  (*•  IndJcUed'.^tbB  bubble)  byitho  k'Telling-K 

biiuii  pHftB  beluwA,  m  loge«iec  culled  IhB  mipi _ 

tha  IhroD  waiid«i)B(allJllQ.onn9tlInle  tlie  liipod.  Indf 
da  of  iliF  Kn?«  vhicb  confloe  ibc  lent  to  Uie  nipod-bml  | 
ij  bo  in  ilBpropoTBlBCHit-  — ""-  "-  '-■— '  ■- — *' 

I'tlle'm  ""wh^lS'h^d 
L^ekB.  in  the  tripiKl-hiiiid.  the  la 


t^lntc 


ig  ud  wc 


e  nf  the  IrlpoMiBBi 
'B  liD  pliKOd  H  nntill  TidK^  Aiirn  wlikb  r  pluoib-txib  mity  bn  MHp'^'^^* 
eedea  in  (prdlnnrj  lev^lllnK,  but  bucoibefl  uBalul  wbeD  rtm^ng  ot 
To  MdJiiBt  B  Ijcvel. 

B  IB  B  nuKe  slmnle  onentlon.  Iinl  i^<t 


:1e  patlflooe, 
I  n't  bTb 


fldjiiBl  A  nUin  tmnBlt,"  p,  169. 
Hhtee  adjuttmmla  are  nscanrf ;  onrf  matt  be  matli  I'n  tSi/OlBipii 
Flral,  tkat  of  Uie  cniBii-tai 


VSB  LEVEL. 


B  Mid  bn  bWetnlM  aro  «aiiportai ; 


djpa  uT  thn  Va:  nncUmpi  dnw  out  thu  ey«-)(lHn  B.  nntll 
»i»BiaiBir/iic«Ui*!ai-;  •(gbttlie  lelwcope  Wward  sume cli'«r dta- 
1*1^  gr  allU  belMT.  tawurd  aome  ilnJgbt  llDC  wlielh«r  vert  ur 
_    ,    .    -"■-■■-"■■  -ihittbeuLiJeutsbflU 


Lil  OdJuMI 

,.  _ amncUi 

iUti  or  allU  boiMr.  Mwurf „_. 

Dqt«la«a.l>r  BjuaMof  IhomUled  ht»d  A,i 


_^   _  _  inr^do  pricing  wilh  tba 

lT..»»lwitbiint  JirridE,  mmlvB  tlit  uOaBgopc  bair-Hjr  ronnd  in 
lidona.  If  Iha  bwr  IliLI  cofm-TileH  l.rwiincly  wlrl.  Ill-  iilyci-t,  »  la 
W«  prooeoil  Idttytho  nrlur  Imir,     Lint  it  il  <iii,«  iiul   iriimiJe, 

' '-ba  Jihlged  by  fj ' '  ^  "     '  ■■   —-"■■-■!  --■■■" 


kcdili-utnl  blowB.  To  m&ke  the  vi-rt  s4|iutrDuui  of  the  bnl>hlr>-tubF,  bf  uu 
an>  bDU  n  ti,  plua  tbe  .tvIeAcope  uvet  a  l[iiAoiial  i>aitoTthe  [DVefUnAtasl 
EUuUK  II  thum.  OmotliDcllpBoflhoYB;  sod  l>i  mnai  or  ihs  IndOi^ 
ba  babbit  U  the  center  uflte  tube.    Lin  tbe  teleKop*  gentif  oBt  oTW 

novel  toWMHl  one  end,  tint  end  In  too  Mich.«na  miUt  helowtmli  ArM 
ad  Diurl  be  raiud,  Thij  mart  bj  duiio  by  maun  of  the  Iwo  Mmll  iwpili>Hi 
In.    IfchflendRHtn'obe  nieed,  tlieiipiwr  autmnel  flrat  ba  buvael 

^^idedi  In  iS  ihe°iuU»atn«nn|  odI;  onf-Axj/'or  UioerTarlBlotaDimcr 

&tlBB  thiu  broiiebt  tbe  bobble  to  the  mhldte  HgKhl,  ig^ii  lift  Ibt  telev 

wllun  Itdld  betoro,  but  will  prol»btj  require  mill  furtbor  «4)oslini 
eot  lu^f  the  mnainhig  error  by  the  nuu  m  bi'forp  ^  and  bnlf  by  Ihi 
mj  und  ea  mntlnoe  Id  rejienl  the  opemtiuo  until  the  liubUe  renn 
erlnbotb  poaltlon.  Thut  pHrt  sIki  of  lie  luljiislruiint  willlhenbn 
the  bubble  will  raniAln  el  the  eeBlet  (efK^r  Ibe  Inilruioent  ii  letelled 
K3ipe  lipiHiited  in  ttny  direction,  iliila:  thii  aiUHilHirni  bffiwtSeiar' 
Vs  nmfce  (he  thlrtl.niltiulinent.  or  lu  edjuBi  ihe  belabt>  oF 
■  to  make  tbe  line  ol  eDjlinii.U,>ii  iinrolli:!  ta  th<:  linr  V  F,  or  perp  lu  th 

...  JUke  tbe  tlHlramBBt  nenrly  leveL"by  ini^ofl  of  all  four  of  Ibe  terel' 
fti    Pleee  the  telescope  Dior  two  of  Ihe  It^vt'llinx-Bcrew.  which  eUind  i 
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THE  LEVEL. 


If  the  li 


hatf-u^an  ( 


leiied;  ( 


«;^nnl  p^r  of  level 
'-\S  compleled  it,  e^at 

OmTBrt  leielling  n 
■    -      -eri  pniKde 

indwiirreet 


■lighl  11.  B 


e-Hght  bp 


Lhe  foiw^og 


nullDEtbssighb 

In  both  ca«e,  lh«  rlght-hnnd  pnire  is  rMerrcd  (or  memuranda.    ThBinlt* 

■pply  to  the  whole  dht  Ihelwucn  [Hn  cnnsecotite  elBkes;  and  that  ll>  iOi 
•■-  •■utt  nrlllenon  the  )ait  Ftake.  Thne,  with  tlie  tranidl,  SUtfon' B  nla 
iBt«ko&  toainSeS:  Ibel  It  has  n  bparlog  or  toitiie  of  BO  »Bd  aoi  uti 
andao.  And  with  the  leiol,  Stallon  n  alio  mmuiH  Ihe  din  tTDn  Maki 
B;  Ihe  bnoh-Blght  tor  that  ilBtbolnBmkrn  at  stake  ^«Dd  the  Rire-iigh 
■9;  udtbut  Ihe  level,  gnde,  rat,  or  fill  li  tlAt  ut  sUike  0.  The  ■tBrDnr-I 
.•nrrey,  whether  a  itaEe.  or  any  thins  ulw,  wo  call  and  mark  Blnply  B. 
gloeere  t«11  thti  0,  Ko.  1  for  the  compaw,  And  V  for  the  levol ;  bat  tfau  <■ 
U  error  whan  campiLring  tO|i«theT  tbe  coinpseg  and  the  level  bmkB.    K  i 

'if  ODUM  being  perrfCllJ  ilniple,  Urttvee  Itom  UaWUly  to  M 
lierfare  ir/Ih  dwlgnuling  linj  ilufce  bj  tU  nnni\«r  ii«i, »  «fl) 


re  ilmllirlo  thoualrudy  dtwrlhMfot  a>B\£iE\',<n»i^'euti,  * 
tOBl-Kinn- a,  U-o  etrcW!  similur  lo  Q  KB  inav,\Q5B4,-ae>.-ttS  ja  i 

■act  ofidinsf  BMh  other,    Wtun  lo  o,r™o665,aitt-s  ««««»«*. 

•'■"•"''  '--'■ ■     ■■,Bd™winB;  ftioiAiM^yiHwt'WSS"*" 
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one,  while  screwiug  the  other  moderately  tightly  up  against  it. 
more  steady  motion,  and  less  liability  to  disturbance,  are  secured, 
screw  is  used ;  especially  after  the  latter  becomes  somewhat  won 

The  telescope  £0,  which  is  essentially  similar  to  that  of  a  lev 
is  usually  from  9  to  12  inches  long.  It  is  sometimes  made  to  sho> 
but  more  generally  upright.  It  revolves  vert  around  a  transverse 
ported  by  a  standard  at  each  end.  Only  one  of  these  standar 
shown  in  the  drawing.  The  transverse  axis  is  not  fixed  at  the  ce 
of  the  telescope,  but  nearer  to  one  or  the  other  of  its  ends.  Tlii 
of  a  longer  and  more  powerful  telescope ;  but  at  the  same  time  i 
ing  vert  in  both  directions ;  which,  however,  is  a  matter  of  little  o: 
or  importance.  X  is  a  stout  ring. surrounding  the  telescope,  fo 
axis ;  and  10  is  a  clamp-screw,  for  holding  the  telescope  in  any 
For  E,  B,  and  A,  see  "  Level."  It  is  best  to  let  the  eye-end  E  r 
because  then  the  shade  on  0  need  not  be  first  removed,  if  it  is  in 

C  C  is  the  COMPASS  box  ;  the  glass  cover  of  which  also  cover 
LIMB,  or  graduated  hor  circle  and  its  verniers ;  of  which  last  it  i 
at  least  ^o,  for  securing  greater  accuracy,  by  taking  the  meai 
But  for  merely  tracins  curves,  this  precaution  is  unnecessary, 
being  moMured,  the  telescope,  standards,  and  all  the  showing  port 
revolve  around  the  stationary  graduated  limb;  which  is  not  see 
the  instrument,  such  as  our  fig ;  but  is  seen  through  the  glass  co' 
fined  to  the  limb  by  a  circular  groove,  intu  which  the  limb  fits, 
stationary  (while  the  outer  parts  revolve  around  it)  by  means  of  t 
which,  by  tightening  the  collar  or  clamp  yy,  clamps  everythi 
together  with  the  grmiuatcd  liml>,  which  lies  upon  Z,  and  is  firm 
screws.  The  movable  circular  plate  which  carries  the  verniers 
MER-PLATE.  Also  Z  is  Called  the  hupportinq-plate,  because  it  sup 
parts  of  the  instrument.  It  is  cast  in  one  piece  with  U,  which  la 
forming  a  socket,  which  extends  down  to  the  ui>pcr  pamllcl-plate  1 
thn  parallel-plates  all  that  part  of  the  instmment  which  is  nbtn 
this  socket  iuKide  of  U  is  placed  over  a  long  fixed  spindle,  which  ft 
plate,  (to  which  it  is  attached,)  and  extendi  from  it  up  nearly 
Around  this  spindle  the  instrument  revolves.  Surrounding  the  foo 
distant  from  it  only  the  full  thickness  of  the  metal  of  the  socket,  is 
or  CLAMP  y  y ;  which  lies  loosely  upon  the  top  of  the  plate  m  ;  e 
by  being  confined  to  the  tangent-screws ;  which  may  be  said  to  ci 
ite  screw.  The  foot  of  the  socket  U,  from  j,  down  to  the  plate  w, 
collar  and  the  foot  of  the  long  spindle.  M'hen,  therefore,  the 
tightened,  it  closes  the  circular  collar  tight  around  the  foot  of 
therefore,  can  no  longer  revolve  around  the  spindle,  unless  the 
give  a  slight  motion  to  it  by  moving  the  clamp  itself.  This  slight 
when,  after  bringing  the  cross-hairs  to  bear  very  nearly  upon  an 
clamp  the  instrument  for  the  purpose  of  bringing  them  precisely 
means  of  the  tangent-screws.  The  clamping  does  not  clamp  the 
spindle,  nor  does  it  affect  the  si)indlo  in  any  way ;  but  merely  un 
socket  and  the  collar,  to  the  tangent-screws,  so  as  to  be  moved  on 

When  it  is  required  to  confine  the  upper  or  vernier-plate  also, 
from  revolving  around  the  graduated  limb,  tighten  the  clamp-sci 
this  a  slight  motion  of  the  vernier-plate  is  still  required  while 
stationary,  use  the  tangent-screw,  the  circular  head  of  which  is  s 
screw  for  loosening  or  tight(!ning  the  compass-needle.  The  needl 
tightened  up  against  the  glass  cover  when  not  in  use  ;  as  thepoin 
pin  is  thereby  preserved  from  injury. 

M  is  a  circular  or  universal  level,  and  is  frequently  the  onlj 
the  more  simple  form  of  the  transit.  It  is  confined  to  the  plnte  P 
by  unscrewing  which  it  may  be  r(!moved.  Its  base  Is  carefully 
plate,  so  as  not  to  reqiiiro  adjustment.  Frequently,  however,  : 
screws  for  a4ju6ting  it,  in  case  the  projecting  part  of  the  plate 
stands  should  accidentally  become  bent. 

In  many  transits  the  graduated  limb  extends  out  beyond  the 
vernier-plate.  By  this  means  a  greater  circumf  is  ol)tained ;  ar 
may  therefore  be  larger,  more  accurate,  and  more  easily  read  off. 

Inatead  of  one  universal  level,  two  long  bubble-tubes,  set  at  ri 

other,  are  frequently  used.    These,  being  more  sensitive,  ore  to  be 

In  the  plain  transit,  for  ordinary  railroad  work,  the  dVtlftT^Tvtft  \\ 

^tJP''  ^^^y  accurate  work,  and  especially  when  e.  -vetWcaX  c\tc\ 

nubble-tubes  become  essential. 


TBB  £HGIN&EE3  TRAXtlT. 


1 


S,m<i  ll«  traai  pi.ru  below  11,  constllute  ILt  "TRipOD-nBAi,** 
UU  IbriB  XDaden  Ib)[s  Q  1)  (t  Hr«  tks  TuroD, 
lUMlliDiul  plMB  liu  bmii  lulroduuod.  •omcwtaiiC  umallcr  tliaii  S, 

le.lllMmDcb  u  iican  be  ahiftcil  Iokihb  cilcnl  in  bdj  direqlion 


•Uftint-nliili!  is  In  ikiMLiims  plucjiig  iln-  iibitrnmont  prrnseli/ 
k  aCaks.  Hltli«Teu  Ilie  idilmuirnt  Lna  lj?(.-lj  tli.st  piBDteil  pll^lly 
lll»,oanIer,  and  nflpnvani  lirimglil  dIreciLy  qvop,  by  pnshluc  one 

.feochnkerlud)  Ibu  gruund,  urTy  sprt-uding  Ibtm  munarlmL 


_,_ ^  ,._. . ,  -Jght.    The  cIniDp  DfuiB 


To  wUoat  a  plain  Tnuull. 


Ion  rbirtd^H 


._        ■leBnBlLud.'aiuJtQflrslKrDWIbBDbJi      „.    .  . 

.  to  bs  nMe  Id  «sr<  at  on;  Utne  nban  at  •maA,  IfaHl  Ule  eliHto 
pMHoii  KJth  TCiura  tu  IhB  alido.  Forlf.  nftDrnlJ  Iho  itdJIulaMtt 
Mian  Of  tbe  gW  ehonld  bucame  ctauged.  (s>  it  l>  ul  la  In  jr 

AAtariHily  dirtUigHd ;  enpecSnllj  if  the  Dliject-Rlau  ia  cctBndia, 
«4ilfili  i0  often  the  tvse.    flucb  aemtcfaM  BbooXd  be  prepared  iij 

BlilBt  miM  flrat  biidiswn  uataoiu  tu  obUJn  p«riWt  diiUiictiiHii 


lut  One  biibble-tnfacH.   If  'il 

In  tlie  BwSer.  Mid  i<ee.lg  notlibiK  m... 
a  ItlD  plnte  bl  -bleb  thi.j  are  .KiclI  1 

bio  O.Bj  be  idjuat,.^  lij-  ntsi  briiiKi^.; 

hiS'-Vg  bMk  bj  tb«  bubblMerewa ; 

air  by  Iho 

^  1&  trial,  notu  tbe  bubble  cemtii 

whilBlba 

oil. 

t»t  briBK  b 

D  the  »D- 

eflhBlMtriiiuoal;  Ihed.mi  l«fore.  tnr 

tbs  Kulr 

bftir-way 

euf  lhe°wXunJ°ho  other™! f,  b; 

tbo'lETOll 

"K 

reC»  1,  Jt, 

/aninpdDHibi^pliidlo. 

r  wblle  til 

rtlcalimd 

ortra 

nlnl.lDAtn 

IL  yibta  tke  lelcAeo)j«>  innirlt,  tbe  ero 

^rtliocye 

Tbe  Dukii 

Ilk 

MrtRlitaiiglai  lu  eactautborinllieU 

rlaa,  or  dlaphri 

N  tha  aiqc  bi  Ihg  loleaeope,  Ibat  «1hid 

eT<;fjBd.tb 

I,il»*»n.llili.l>i»e]aM«^l  oriral 

ndedIo.U 

lortnami^'bY 

rmiteall  theae 

rewatobs 

t.    To  be  certain  IbM  one  bait  H.er. 

(in  nrliich 

Ira.te  hut.) anor bxiHR adluaiHl  ibe 

nbble-tul; 

■■'' 

eltb..Jn- 

THE  £KG1»£EBB  TRANSIT. 


ELU  Innglta.  auil  perp  tu  lbs  plate  lo  which  ihdy  aif  sffli^;  upd 
jiiDDiiditiiui  when  Ihcy  lave  tbemkker'ihBDds.  If  IhsyilunaA 
fclUBed,  ttas  ItiilnuaeDt  uusl  be  irtBmed  to  tlie  muker.  Id 
KMbsI  iuu'  maaioaM  ileisagaiuiint  litu  tiikBn  filius,  fint  tunl  ths  In-J' 
VTfosUy;  then  dincl  tlie  lulBrsectlon  urihe  luln  la  Hiniapaliil  of  &  high 
A  iilbtiiuila  aUrge  t«rt  uikIs;  Ihini  clomp  the  initnuneiit;  and  Iun« 

iBul  jtlHivB  J,  half  wnj  ruuiul ;  thaii  flx  the  wires  ngiila  upon  the  high 
up;  lawar  l[id  leleicope  tn  tliB  low  palDt,  If  the  hulr  now  ■Irikaa  tba 
bt  inalrumiint  it  la  order  |  IT  not.  it  sliould  be  »nt  to  tba  miilEer  tu  ba 


dinngQiDeutii  of  the  elondarde. 

itdUTiDDnba  corrscted  by  thli 
nntUiig  the  cUalnplQ.  Burn 
Imt  ba  n»8d  far  nranrrw  "In 

in  frequently  mdda  wltb  a  Kradnnl4Ml 


pflncfpla  ai  at  oppni 


idardB  bacoiDa 
cirrle  mlachod  to  ooa 


HJfflei  attacbed  to  the  telun-opi?.     Vhra  this  latter  U  not  luldod,  (be 
tatt  of  the  vfraler  of  tli«  vert  «lrole  1h  iiDide  Ibiisi 


i(tiynittltlnse«hf«™-<it-ii.  . 

:.'.ilV 

V  Hat.  u  In  ei 

« Ineorcscl,  naleiB  tha  line  ol 

■  Bight  ho  ln,iyl„.r. 

mat.  the  Ion 

■  Bight 

wpe  In  It  hor  u 
irtt  ilrlie  Ewe 

ic  lerel  pMlUoi 
peg!  a  mid 

»Hlld  tLen  make  the  tl 

ihu  piuillel 

lo  it. 

Mr  «*W  M  pi 

™i«lr  lbs 

JlTawhiTo 

1~ T" 

"T 

nm  pUujt  the 

/\            i 

_-i. 

Wlgo  with  the 

■^iX—- f- 

a 

the  renrleynll 

C                   h 

nUiid  IrUlB.  lir 

i-Svinsth,' 

nn  stike  to  t 

IrtB,  lltBring  1 

:he  height  of  the  target. 

and  revolvii 

iiglho 

1  or  down  a  lit 

■nd,  aod  th.t  position  li 

a  which  Ihe 

h«iM 

■SSir,;, 

li°righu''Drthe   rod  it  both  atakea. 

The  Hue  Df 

eight 

en  Brtdenlly  li 

iVBl,  orhor.    Keep  the  target  at  (to 

HiiRK  nn  *h>  « 

'^ght.'  Swali 

aa  a  pilde  fiiT  DO' adjuMlDg  the  bmldile- 

danebyniaviDgtheMio 

...^1.  until  Ihe 

hnhWo  itanibi  M  the  ce 

tulfi 

■IV«i™« 

iAVKT. 

:'r,  "./now  be  odiMtad.  it  tho5  t«w1 

.TeVI-V^V" 

:rtuE\4=. 

,™..;.„~.//;V, 

rprerloiMlj  lerelllnit  the  twosogs  a  anil'A'^  >»«^ 

THE  THEODOLITE. 

rroiD  IW  lo  800  faoi  froai  llw  In 


I  .-B-jC  I   purtMM  wbelher  Ihe  telfecupB  li  hi*  •] 

V(I> "         /F"""----.|.f  "I'taugli  it  Bigbt  M  well  be  M  B«riH»»[ 

lJl-____m 1  in  ll.^p«i.[»n,  Ey  the  atmf^ow  ».  IM 


When  IhB  gnuluBtlun 


I  ue  flffUKil,  or  n 

„! T„ 


rolUra'troin  MroMj*  wuy  to  18<p"ll"lwo  !hH 


H-hnlni  In  a  le«pl,  or  Imiutt,    Take  < 

buira  nilli  VceBHiiii,  viiriilnh,  glui',  nr  enni-nrablc  WHti-r,  do.    This  rriguiifa 

atlck,iw  &biiuilU',lii^c:TCIhc'(li>pbnigin«J^»daeloll8pljti:?inHi:<  t<ili«cu|ie, 
out  ol  Ihu  hols'  In  tUD  diaphrat'in;  &nil  wllb  It  turn  (be  diap'hngm until  Iht 

Tbo  in-Mllwl  croaa-hoJre  nfB  nctuallj  Bjiidcr-WEb,  lu  Sue  M  ta  be  bmlj  lU 
thii  imkeil  eyo.  Holler  t  Brightly  nee  Tsry  flag  plallw  wire,  wbich  i>  mnal  * 
UuiMHd  bair  li  eutirely  tuu  ciHine. 

To  rritlace  a  Bplrlt-leTel,  or  liBbblc^Iiuik  Delecb  the  loin 
Uho  irBlniniiLl;  draw  pff  ila  >uaiBg  enUll  Imsb  out  tho  broken  glUTlaLu 
ctn«ii«|j|,libiil4  Itl  Insort  the  nowullD,wlIli  the  proper  «Wu  iffi  j  wMpUM! 
impiTTirauTirlliBendj,  lfltat»lco««y,    Flnttll^  put  ■  little  pntly.  or  mdlM 

il  la  Kdvlmbk  lo  provide  eilrka  of  luch  parts  as  oia  j  be  eailly  broken  or  leH; 
u  glaai  compsss-covers,  imii  nepdiea;  aJjuBIliigpln!;  level  vUl>i  mugnlRnt,! 


THE  TEEODOLrrE. 


THK  (k^QBtmentl  w*  perlbrwed  llVfl  tb<iK 
lat.  That  n'"-- "-—>■'■'-■  ■i.„„„,.o=i 

m!  The  t» 


[E  BOX  OK  POOKBT  SEXTAST. 

jl.Jwt,  DOIIII  the  lowsV  telMcopB   to  nnv    tn»IL  Ji«l 


1^^ 


BOX  OE  POOKET  SEXTANT. 


1 


•trnck:  whI  ip  mtaij  aiiiutkiiu  wblFh  pnduda  tbe  i 
'  -  intiig  JotlliHlB),  by  Hid  of  an  utilleiiil  tiorlum, 
Iricu  braiB  Lo^  nbout  3  ^iich»  in  diiuiater, 


lU  W  wbcii  Una 


^^ IHII,  OBK  A.     A  in. ,., . „, 

1  br  uarUikllj  dotcib)  n  •lide  whjch'hu.  u  .urj  imall  lyAuls 
mnred  bf  thx  pin  A,  ini»lDg  In  the  cnrvsd  hIuI.    ^ngthrr  lUdci 

'"-»diirtii!LiMn>ro.]vnrIogHi8By*hol(.  whm  oftBtVlii 

■  Is  oivd.  It  is  bBHDBd  DO  bj  l£e  nii|1ed-hnid  acnw  £ 
Ifan.mn  be  Bepjmkt«d  Tmni  tbo  cyllaJriciU  'put,bj 
I  uround  Its  BdKB^  Knd  Ihe  IntBiiDr  tui  tbBQ  1h  exam- 

tht  ondar  aide  of  tho  Ipdmi,  U  C :  its  nlqwr  edgii  beln^  indioited 
m.  The  ulher.  oiled  ths%iui(iix-aL>u.  (leotiiio.  wbtD  maaa- 
^^aa  uf  oalaatial  bodlea,  It  I*  dlnclnl  towu^  the  iLurinuQ,)  la  alia 
IpoiiltliHi  of  ita  upper  vdae  baHfhnwn  by  tbe  dotted  ILneaaA 
laa  la  aU«MdDBlyhBl(:><n>y<UKa;lulhalni>e  at  the  Dbaerrod 

npperlAlf,  ntleeted  rroni  Ibe  Inditi-gloH.   That  th«  iDatmueiK 


._ _  ..Mother,  when  IMvMaer'Miiiinnlhr 

B  Iddax-ffluas  la  atnwfj  inrmuteaEIr  fl£4d  by  the 
a<ili»tnl*ni,  Hal  ilie  (lorfEOD-rlus  luis  ikd  sdln't- 
>y  Ilka  that  ol  a  watch.  Mil  h&'rtnK>im\\MkA>H&V^. 

sr  flta  opon  two  imall  «[iuiiini-hciuta,l.^?t»  'Aa>-  '''>' 


■  ^ 


THE  OOMPASS. 


IM..."  .."  t.  IN  mu' p^^^aUm.,  ikMt  K  bring  t»«,t5M»J«  *^ 

A »  //y^«/y*  '//  ///-  M4jtmtt$tt-'tcr*nir%  of  the  tubo^    Le^ei  »^^ 
//  A,.//  /./«/,//;  «/i<i  if  th0  tmh\A*M  ttm  do  wA  nin^^  ^ 
#./««#  ///M«(  /!«  MifHin  mtpvmi  •  Uttl«,  to  m  to  nctlfi ^^ ^» 


THE  C0»PAB8, 


ttWAgw).   TUii  siiiiing  wire  i>  laMnded  to  couu't^nct  tUa. 

^dnl  ail|astinent>    Tlila  Is  ilv^ja  fiietl  ilgbt  at  flrst  bit  the  mnlier;  iLst 

P&li,iwrfitiiliirriKiitiiiB  thrDagh,arepl»ca(rBt  ri^taijgle---  " - 

EhUwIkI.«1  IhB  IMIer  ia  leieHaiTb^  tlig  bubbliu.  tho  Ughu 
^■TalHl«liethiiIIi>e}ue>a.liug  up  ■  plumb-llae ;  ami 
-'— "  '  thecaiaptu,UksfllEbl(l  t1iBUDe,i>ur]Ki)lf  the 

Itti  il.    ir  one  or  1,0th  tLlta  ilHJuLd  pmvo  tu  be 

JtpLnnb,  m  Bbown  to  kD  fXAg^rodid  «ttejLt  is  thlBqkqtcb. 

'■"Tponujoipsdiontiasmall  wedgo  mflj  Le  placed  under  Ibe  ^ f 

Mh  n^uBtiBent.  to  straighten  the  needle,  tf  II  ahQuld  birouie  beut. 

mtlDuo  U)  pninC  (0  einctlr  iipi>uslle  inidtialiona,  (llist  H,  gradiiatlsni 
rn-pni;  ■rhllfl  the  oumpua  is  tdraed  coniplttoTy  around-  If  H  dooB,  tliB  needlB 
■BWbBf  ud  Ite  pin  ■«  In  the  center  or  thi?  graduated  circEe  ;  but  if  Jt  iloea  not| 

EtNHcraduatioa  (say  W°)  eouiei  preiisely  to  the  nortii  end^'or  the  luiHdlii.    IT 

^— "■  --•■  ' -■  "■ '-• ■—'-  "  ■'■9  antiriu  Bi/"  divMoD,  Ul»  or  ths 

vnieiabering  that  every  Ume  jiaid 

BMk  vfaere  the  mmih  cud  of  the  oiscdlB  puyr  potnts-    Tbe:i  lake  off  the  neDdiD, 

MvUlalUnortbenaielusptUIHIPtirDiuvlugtbeeonipaiarouiidahalnbreadlh. 
WIb  will  then  bo  •tt»lgiil,allff  mlm  liul  !..■  altSrMio  ma.'  


le  pil^ol-paillt  uutll  It 

kHiniil,  tlx  ootupasa  ninit  be  liu'ncd  a  bairsbrtiai 


t,  of  the  pivnt-pin.  After  belne  certain  thai  the  needle  la 
.  m  tbe  <nHnpBuaitiUDd  until  a  partJsarrivedat  wlierulLch  twDetdBol  the 
j-la  happen  tocsut  oppodM  degrees.  Flieu  turn  IliacuniiMHt^iuii'kr  wivariMind, 
Iwwti  H>°.    ir  ()i«  needle  then  cnH  nppoalle  dopvca,  the  pivol-polnt  Is  already 

rane«<HWTlnD»l[lngtb«ead]Dniiient(prL>perly; 

IflMia,  Id  Itself.amlDiileriaaDtil^laudlLe  UQVica 

10  InirenH  hia  trouble  bj  not  knowing  how  to  uau  lils)i««''iFitsa  oLisa, 

. lac  at  the  end  or  tho  needle  and  the  Dornspondins  gnulnationa.  Tbeniag- 

BM  alwHTi  ba  bold  with  11*  caiiir  dfnetls  oner  Die  pninl  to  be  eianlned ;  and 
l(  ba  belli  parallel  to  the  gmdualed  rdttle.  Otherwin  annoying  errors  oC 
tmlnittei  nU!  be  mads  in  aatngle  ol«er<nitlon:  and  theaf^umuLitlon  oF  two 

Hie  a^juHtmegla  In  dtapnir.    Thlu  auggL'Stion  applies  also  to  tlie  reading  ot 

48.    In  purchasing  a  magnlflerFnr  a  compaaa,  sdp 


Tnrinllon  or  the  Compass. 


^61 


iDEiiiii«r,    Ludu  attfKct[Dn,  tron  bbJ 
III Qctrlrlly^  either  atmtivpbe^o, ' 


THE  HAND-L&VEL. 

l>idi»tidli>  at  b«rmE>  C  caunes  vet;  onrellsblB.    The  dilly  wUUO*  tt^K 

Kiil,  fcrtiiBlBum  gmvH,  l«p  rockn,  Ic,  Ur  -    "■ '-  - 

tllB  minuBl  una  the  Bucular  yariationa. ., ,  „  _,^ 

by  nibliinglhP  g\wb<  coier,  tumdlmi^n  givca  troulilc.    II  Lisy  bo  KniDTDjij-! 

(eiccpt  lliii  1»B1I  will  affott  Ih"  lUfwii'iTi.i^nt  lif  unaf-.  l-j  ili^  Rumput 

A  hiriLi^lit  line  drawn  acram  the  UDlied  HtHHi,pHHlBgtliiouKb  CknMW 
Bhil  Ui1rriiii,,'tr.D,  North  Cuolliu>,iBDi'Brlyiil[Dsi>r  no VBrliIlon,Bl:pra«I;« 
1.  f)mii:i-  ijlHii'd  snyMbcro  id  the  vicinity  oT  ihut  lino,  will  pi.lnt  DW*' ** 
rinJ  i:\nh,  'l'i>  the  eulwvd  of  llila  ling,  the  vaHstlon  la  westwiinl;  HDdTiei' 
bin..j]Lii[jKj^ruali^r,  dm  fki-Lfaer  the  plAca  ia  fW>m  Ibelifie;iiDt]1  in  tfumepulBtf 
uiiij  ,^h-iii^  ilib^  t^iciflccvoBt  It  isHgrcAC  Ae  ]il°  to^1°.  Thid  line  li  moinng  WW 

Thi'  ui:<-'d]e,  if  of  w/iroietAI.BainBCiln^toaupArtvf  lt9intignetl«n,iu]deflsiMf 
dues  not  wnrli  welL  ]>  nuy  be  Hurtotad  bj  simply  drnwlng  the  nortli  «S 
eLmimun  ningTicI  (!>lUier*Uvig1il  ol  honHhoe)  Uiout  a  d<H«D  itnin,  IMmtU'i 
Ii>  lilt' i-liil  olllie  ualhbnif  of  (he  needle;  and  Ibe  Bunlh  pole.  In  Iham 

riilu.ivr   tiiB  tuiiKnet  seleral  InohU  trooi  the  needle,  -hilB  brlD|0IIg  i 
ceutctr  for  oiidiing  soother  iitFuke.    Kaeli  balf  of  the  neeillo  in  lum.  wl 

nueiile  ii,  hiiutvi  r,  luore  t-omciUlj  j.njducod  by  the  dnjllng  or  oHiBr  tafBOj 
In  order  to  prevent  mliitnlieB  by  peadln|r  soni»tlniei  lyomol 


It  in  BOJ  illrecllon,  »c  r«0  osff  rUiin  nl  on.:!!,  opprtnlmalely,  »bat  bDK-— — 
nme  lavri  «llb  the  ojb.  B  ie  lh«  oye  eodi  -lud  Otha  otdecl  Hud.  t  h IJ, 
lByol,Bno1i»ediniiWndorbraaehoiiiiKf  JJ,  the  bottom  of  whkh  l«  opm.wBh 
PHpondine  opming  nnder  It.  throiiBli  the  top  ol  thu  ni»in  lube  B  a  Inm 
*(  the  botlnffi  of  tha  smaJI  level  L,  ig  a  oroB»-«1rt.\  atretcbcd  ■orots  Hid  i»«fb 
carrtsd  lij  n  Bmnil  plMu,  whleh,  for  wyoBlinn  the  wire,  qgn  bo  poaW  U* 
ttifle  byllBlifenlnK  Ihe  b™»  l.or  push<J  fUrward  byii  ■mull  ■i>ring«tlUat 
lug,  n«r  u,  whan  the  KtsH  I  U  looaened.  At «  is  e  Bnudl  „-i-i™.i..  -uiM 
■llnred  oil  tbe  buck  n.  Thin  in  plaeed  nl  an  angle  uf  4e°  uic 
irldtb  of  (he  tnbo  B  0.    Through  thB  fureman Honed  openbi 


when  thrj  Initronient  Ik  adjiisted.  and  beld  level,  ttio  wire 

o»nier  of  Ibe  bnblile.    At  4  U  R»t-I»lf  of  a  pluiQ-iionvei  h.     .  ._ 

rtart  tabt  tp.  wlilch  may  be  moTed  backwBtd  oc  forwnrd  by  a  j^o  «,  (n 

ttraagb  a  Khwt  lUt  in  HwinaiTi  tnta.    B»  tlii»niBM«ft«Vioii»o(th««0» 

J^dered  diatlBDt ;  and  Elie  half  lens  miistlw  mevoaaBftV-Ktiw^-— — 

**»  vtin  tbitll  aboir  no  puullox  i  bat  uppeair  tvaiei  agaVm^  ft«  '^f 


l/BTELLIWO  BT  THE   BAKOMKTEK. 


&mutui.  and  Mice  iljjbl  u  (h?  other.    If.  then,  the  vlre  diMS  nM  Hppwr  to  In 
Hf-iil  Ota  CTiitor  uf  Ih"  ipriiHile,  mun  It  BliBhll)-  buckward  or  forwBrd,  u  tho 
IM,  by  Ibe  «rc»  I,  utitll  It  do«  hi  iqipsw. 

terrl  ttKir.  crpn  ir  it  it  emlrelj  out  of  Bdjnjrt-    -  *~  f^ 

Pilinw  Ibe  wtro  diittiiMly  sna  without  psnil-     '^b"^       ' — — Z^"^ 
holdlDe  the  IvKl  inndll;;  ■[  naj  nolKtecl  C 

bVoaMi  B"^  a  mark  H,  half-wty  between  eiad  a.  Then  b  ani  n  will  bo  Uie 
nl.nKb  requlrnL  Witii  ours,  Ihiue  HdjiuCiBanU,  when  aaee  mule,  will 
itla  ORlec  for  yenri,   Xho  liiBtrumant  generally  bu  a  emnll  ring  r.for banging 

Owanuts.  The  belsbl  of  a  bate  hill  con  bB  round  by  beEinnlag  «t  the  Coot, 
M^a  abead  hi  any  iTtUe  ohance  at^Btt  wUlcb  tbe  oroBs-win  nmy  Btrik?,  aa  a 

K  aqual  u  that  uf  Ibe  eye.  uy  6|^  feet,  or  whalsTeT  i 
up  or  dawn  it,  if  the  hill  Is  coigigd  with  gfaH,  buabet.  1^  . .....s'^.  ..«  _.... 

Bd  fiv  tha  fore-elghit;  and  the  oojutant  halght  of  Ihe  eye  may  In  fagnrdodiu 
Hk-tfillit  at  Auh  ilatlon.  An  alUafarasDt  may  be  muile  for  ncrewiDe  Ibe  kiel 
Mkll  mU  and  lockei  on  lo|i  of  a  oone.  or  of  a  longer  etiob,  for  oceaslooal  uu, 

,  Aoalil  be  wilSout  odb.* 

b 

<.lt<<!  etai'il  II  opDn  any  two  .iip- 
■  and  n.  and  mart  nhere  the  pluni&- 


|«d|(ut  ■  ■lape-lnslrafnent,  or  dlnometer.  Asnsnally  mads, 
abbfi-Iiibe.  i«  altacbed  lo  the  moTuhlo  liar  by  a  screw  n«ir  each  end,  and  the 
If  me  or  the  Ktewii  conixali  a  small  slot  In  (lie  bar,  which  allows  a  slight  tit! 

n  a  irtfle.  an  may  bo  toqd.    It  in  then  tightened  ngitin. 


LBVELLnre  bt  the  baroheter. 

boy  circumsUin.e.  combine  to  igniter  (he  ri'snltn  of  lliln  kin>l  nf  levelling  no- 

I  flbunatlaiu  made  1^  Captain  T.  J,  Cram,  of  Ibe  U.  S,  Owel  Surrey.  8ee 
1  Of  II.  a.  C.  e.,  Tol.  ftiT  18U,  It  ii  difficult  lu  rend  dIT  from  an  aneroid  (the 
If  IwnB  naerally  employed  (or  engineering  piirnoiea)  Id  wilhln  from  two  to 
■  «I  n,  depending  onlu  <1»,  The  molatnre  ot  dryness  of  Ihe  air  ilTeoU  tha 
n  alio  wlndi.  the  (idnlty  of  monntaina,  and  the  daily  atmnnpherlc  tldi!n, 

7  In  a  room  will  often  vary  Jj  of  an  Inch  within  a  few  honn,  hot 
HTof  BleiHt/an  of  Doarly  KB  ft.    So  formitla  can  BinrtM)  be  4e"i\BB 


IML 


I 
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rtsln  the  Attrot  bslBht  between  two  points. 
Intho  tieiEhtB.a[  i«irlingia[IhQ  barom  aDdlh^rmuln  (Fall)  HI  bath 
egfllJier^Hit,  twu  raiiilugs  of  tLe  latoni,  aud  in  ibur  juiu  1}  i,  fur 
[oncfjll.    Dd  tbaflndiu  wUb  tho  tvo  rwllbga  of  IZie  llmrmijin.  Kbd 
■as  t.    Bnbtlan  Iho  Icut  rudlng  ol  llie  Imrom  Itaai  Iba  (luiliiil ;  and  luU 

I  mid  (lie  CQuatHiit  number  3I>.    Dlr  lbs  prod  b;  b.    1^ 

«_  Dfff  lJ)"f  V  Tnlmlur  number  nppwilo  j,  Qi,„,[im,  go 

m»u(l.;uI'U>ii>m. 
gdlng  or  Iha  I 


I  uiii«r  iUl,  M°.    t\  lut  IB 


Bur. 

—  aOJia  =  (i.82,dl(ror  bur;  ord 
(/.      T«b  No.  Con. 

Bdi^t  ^  s.aa  X  MT^  X  JO  _  160143.13     fu^ 

ofKt  S3.T8(ori)  2a.73      "" 

«ct  for  lutitode,  it  more  nccniKj  Is  reqd,  by  roll 


i 


TABLE  1.    Vor  Bate  1. 


'■/"/ 


ttlu  Imrom  anil  ilic  thin 


iiial  Ire  tra  rt»e  «^"^ 


^0 


LEVELLING   BY  THE 


rornwtlon  for  lalllado.    Ths  Int  of  iho  nlnca  sITHCti  tb*  imilt  (o  I 


Tnble  or  correotlona  for  latltnde. 


asai 


Ihrriifl  dngrem  of  FnhnDlmU'itliemiDoiinl  vhlch  vnter  hntli  tn  IbBopniJK' 
uhcn  tha  Bmm,  nod^r  nndliturbed  cdmlltloiu  nf  [fas  alruDipbrn.  )Il^■dt•^ 
Inirlm,  or  whan  pun  nln  or  dlstlllid  ustsr  bulli  ■■  Ifaa  temp  of  201°  J^  flkl 
!•  ftlwnt  SIM  n  <iIhtb  tho  level  of  the  >«,  u  aboiru  hj  (he  ubiB,    It  km 

Tbe  Km  villi  br  the  rrqdboigbt.  aa  a  njanh  npprollinalioil.  To  Mtiwttk 
logelhflr  the  Iwu  tli?rm  r«]id[iigi;.and  div  thtaiim^bf  Stfortbeirmvui.    VrOD 

aoJK.  Tborm™"filweriHSi(^V'lirfti'd'iiUhBBpp«mo,4uo;  wbntiilti 
of  boisbl  of  the  1  WD  BtBliobHf 


Uf,  wa  And  l.OB.    Tliewfore  MSI  X  1.04B  =  8T74  ft,  IbB  rmifl  heiebt 
Tbi>  li  ulKml  %  n  more  tbiin  bj  Ktilq  1  ;  or  Drarljr  .4  of  ■  ll  lu  each  IM  n. 


In  WiblB  ^  l/l.    '  n        g     8        B,    e 

Tbiq  mn  prDi|n«d  1q  (bs  rpmp  of  Iho  boiliiia  point,  by  ciiangfi  of  plavunDOi  I 
not  b«  con^iandri  wfth  thHl  of  tb«  ^Imo^krrr,  Ane  to  the  «niB  csiu».  llwiril 
eooiu  corner  u  wo  aaoind  above  K^a-lfvol,  U  the  niie  ^Terr  "•»t};W^»^^^ 

THe  OtllotrlnK  (able,  No.  2.  (lole 
rfH«rf  6j.  lie  irrlMF  from  the  BU.ndRrJ  wort  c 


,□  tb9  ^JUQm^UllnU.<CaL. 
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:  "  >-r   t   ~  ToniTia  •▼»—   »   or   ■«»    -^    r    i.  i*  .arms,     rhr  niawi  ia  whkfc' 

-Till  ^  li*    »■  .    •*  ■tta^  'isu-  cmrae**.  a    c^  -f  '.»  nbnitxuii&, 
-    !!■    :'  :^r..u»n   -'.1---  V.'r-h     j.  a.L;X>;t  2*-    uHi  ji  *«•  Utt  of  9.  Tarfc  (•■ 


Y  -■- 


'-1  ."•      A'  :•>•-  ••  niir»«r  iiv^nt 


T   • 

S 


.    .  r.._-.-     .i:>p»"'»v:mafi*-^  -anncti  i»r  •xpfr-mtMit»  which  ocrapgr  bM  a  fev 


V  /"s"'?''     r  f--****  -VT  «r^n«l.  *  •»'.flU-i*»-iy  r'''*i  *<  ptndiiiiim  ■*y  h«  Bade* 


llOift  tit  Sm- 


«Ai 


fhi 


iri>p,  flfUir  oxluajtug  iho  slrlnj  a.1  tl.B  [in^jier  IicIrUi. 
Il  the  iPnKlh  »'  ••  peoilnliiiii  ixvi  to  uiiiho  ■  glvrn  hiiniln-r  irf 
In  H  mill,  lUililu  3Ti  by  inii  rt~iil  Iiuiul-T.  Tlin  X|uiint  nflhe  qiiM  Hill  IM 
'  lOairHaiish  llwanch  umpa»Tjpiir|Hja»u  IIiBfaniuuiPK.,  Tfaiu. 
onmliaUlOilbntlanipnTmlD,  weli*n|^j^  =  it.>fi;  uidUiB«w»n 
ll.Wlini.llie  mid  iBiiKtli. 

Il  tttt  niirab«r  of  vlbrAlIonai  iter  mtn  for  n  pcndnliini  ar 
Ih,  In  liu,  Ul»  (he  sq  rt  of  hIJ  leaph,  sua  dlT  S}i  by  uld  14  it.    Tliiu, 
Jam  Ujn  111!  Ioii«,thsiq  rtltS.ifi;  uid  ^  ^  IW,  tbe  reqd  dhoiIhf. 
Bjpninll>lnBlwfi]»lUeKcpendnliimof>Elaclc,ari>Di]  prvpared  m  JuiE 
!fw>nwlll>uunl»>iitac<iiii>t61niHc,rariif»wHiim>uc«wil.m;iiDdni1l 


Centre  of  Oaelllittlon  lUid  PerenHSlon. 

irw»ni.  It  is  pl^n  tliat  ihiim  jwrtlel™  nr  11  »-hlch  »rp  fiir  from  tlia 

^l  in  tho  bodj,  ancfa  thnl  if  aU  lb*  psHicIn  won.'  CDncsntmled  ■[  It, « 
xnld  moT*  irilh  llio  am<i  actnal  nl,  iulth«r  Iho  nnnlwr  at  onlllallaa), 
mjnlM- To!,*  would  ba  cliLinuBd.    Thh  pdlnt  ■---'---■-      .-_  -•  ---1.- 


ri  (uthiir  llian  il  from  thn 


lapenilDn.  It  ImUso  tUe  c^nf r^  4^  nercubtfifi  of  (be  piRi^D<l«d  Tlbntlng 
Odtflt  of  tfalH  point  frum  Ibe  polDLDfunHpiHriiDDd  thiu:  BnppOHtbA  fWdy 
Inl  inlo  monT  (Ihe  mora  tha  batter)  (mid I  puna:  the  imitller  Ilie  better. 


\ 


SOUIfD. 

'[I^"lt'in'/r4M«  ibout  \'/in  plr  -ao  fnr 
sriliee,  1  ft  lor  ererj  3°.    tbe  flrat  ii'ould 


at  «a1d  tnvfl  m  nlM  Jn  A.A4  k 
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STREirOTH  OF  HATBBIAI& 


STBENGTH  OF  MATEBIAIS. 


Art.  1.    Table  of  vt^ertkge  ultimate   eraiililiiK  l4 

square  Inch,  for  ivood,  in  pieces  whose  height  does  not  exceed  3 or  t^ 

the  diam.  or  the  least  side.  Being  the  results  of  experiments  by  Eaton  Hod|^ 
on  cylinders  1  inch  in  diameter,  and  2  inches  high,  with  flat  ends.  It  is  pral 
that  larger  pieces  would  have  given  greater  results ;  for  the  reeistance  to  am 
certainly  increases  more  rapidly  than  the  area,  but  in  what  ratio  is  not  knowi. 


Weight 

per 
cub.  ft. 


it 


Alder 

Ash 

Baywood 

Beech,  unseasoned 

*'       seasoned 

Birch,  Amer,  unsoas... 

"      seas 

English,  uuscas 

**      seas 

Box,  dry ~ 

Cedar,  unseas 

"       seas 

Crab-tree,  grcen.» 

"      "      dry 

Deal,*  red,  unseas 

**     seas 

white^  unseas... 

**      seas 

Elder,  unseas  

"       seas 

Elm,  seas 

I'ir,*  or  Spruce,  nns... 
"     "       "       seas... 

"    Riga 

Hornbeam,  unseas 

**         seas 

Larch,  green 

dry 


it 

u 
it 


43  to  53 
61 
&3 
43 


41 


66 


48 
47 


43 

37 
37 


•  •••••  •••••« 


47 
50 


Pounds 

per 
sq.  inch. 


6900 
8800 
7200 
7700 
9300 
6000 

11600 
4600 
6500 

lUOOO 
5700 
6500 
6500 
7000 
5700 
6500 
6700 
7300 
7400 
9000 

10000 
6500 
6800 
6000 
4500 
7300 
3200 
6500 


Mahogany,  SiMinish... 
Oak,  Quebec,  unseas.. 


ii 

w 


seas..... 

English  

"  "     well  seas 

"    Dantzic,  very  dry 

Pino,  pitch 

"      Amer  yelV,  nns 

tt  Ii  l(  SAAB 


it 


rod,  unseas 


seas.. 


Pear 

Poplar,  nnseas 

"  seas  

Plum,  wet. 

dry 

Sycamore  or  IHanetree 
Spruce,  or  Fir,  unseas 

it  it        ii      aaam 

«  "     "    Riga... 

Teak 

Larch,  unsoas 

"         seas 

Walnut,  unseas 

**  seas 

Willow,  nnseas 


Weight 

per 
cub.  ft. 


64 
68 

•••••a •■«••• 


!••••••••••• 


•• ■ ••• •••••■ 


f 

sq.: 

K 

4! 
• 
61 

T 
« 
I 
ft 
I 
T 
T 
t 
I 
8 
9 
T 
0 
• 

a 

19 

a 
i 


Honce  it  appears  that  reasoned  white  and  yellow  pines,  spiiiee,  and  ordinaiy 
which  are  the  woods  most  employed  in  the  United  States  for  bridges,  rooft,  Ac,  i 
with  from  5000  to  7000  lbs  per  sq  inch,  when  in  short  blocks,  (short  in  imp 
tion  to  their  diam  ;)  the  average  l>eing  6000  lb8.t  In  practice,  however,  the  cnM 
load  rapidly  becomes  less  as  the  piece  becomes  longer  ;  and  when  the  length  Is  i 
30  times  the  diam,  1200  lbs  per  sq  inch  will  probably  crush  it ;  and  the  sue  low 
be  reduced  to  from  150  to  350  lbs  per  sq  inch ;  or  even  much  less,  if  the  piece  k  i 
same  time  exposed  to  cross-strains,  as  in  the  case  of  rafters,  Ac.  See  **  Wooden  Pi|l 
Mistakes  are  sometim<«  made  by  employing  800  or  1000  lbs  as  the  s^e  orm 
resistance  of  wood,  without  regard  to  length,  or  even  to  transverse  strains. 

The  tensile  or  cohesive  strengths  of  those  woods  average  about  10000 11«  p 
inch,  or  ^  as  much  as  average  cast-iron ;  or  nearly  double  their  resistance  to  o 
ing.  The  tensile  strength  does  not  change  with  the  length  of  the  piece  ;  lolhi 
practice  we  may  take  its  safe  strain  at  from  1000  to  2000  lbs  per  sq  inch,  depM 
upon  the  character  of  the  structure,  Ac.  without  regard  to  the  length,  exc^  ^ 
this  is  so  groat  that  two  or  more  pieces  have  to  l)e  spliced  together  to  make  ft; 
weakening  the  piece  very  muoli.  It  will  \w.  seen  from  the  table  that  skamRIDII 
resist  cruMhing  much  better  than  green  ones ;  in  many  cases,  twice  as  well* 
miwt  }>e  taken  into  consideration  when  building  bridges,  Ac,  of  timlier  lecentlj 

*^'^''  f"  not  the  name  of  anr  partiealar  ttfteoles  ot  tVm\Mir,\ml  \»%>a«iL  KaRllih  Urmit 
Mtan  nr  pine  ImBrdu  more  than  7  Idh  wide.    When  leu  l\iMi  1  \»»  "wViftft  t)k«j  tm  eaSMk  ^tmw 
" 'toother  KagliHh  name  for  pioe.    When  used  alone,  U  genQT%\\^  T«S«t« XA'iiUjlA  >ft— >^a».< 


^  ^'L'J'"'*'^  Vruoe.     Fellow  fir  la  yellow  pine 
r  V.  abater  Bmitt  Mflamw  fiOOO  for  woAmnitAi 


If  uiiMS  fiOOO  for  moderatfbly  ■eaMned.    Bm  v  VA. 
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ibvBd  that  a  preasnre  of  900  Ibs-iper  sq  inch  ogAinst  the  side  at  h  piece 
>iae  barely  makes  a  pebcsptibu,  and  one  of  1000  Ibe  a  oistdiot  impri»< 
;hat  1400  Ibe  produced  on  Snglish  oak  about  the  same  resnlts.  The  writer 
1000  lbs  per  sq  inch  indents  the  side  of  uxU-stasoned  white  pine  about  ^ 
;  oommon  jreilow  pine  aborut  the  thickness  of  writing-paper ;  and  ordi- 
oak,  cherry,  or  mahogany,  not  at  ail. 

Ultiiiiate  avenge  fsmslilitir  loads  In  tons,  per  sqware 
*  stones,  Ac.  The  stones  are  supposed  to  be  on  bed,  and  the  height 
.ore  than  2  or  3  tiroes  the  least  side.    Stonea  generally  begin  to  crack  or 

about  one-half  of  their  crushing  loads.  In  practice,  neither  stone  nor 
should  be  trusted  with  more  than  )^  to  ^^  th  of  the  crushing  load,  ac- 
urcnmstances. 


Tons  per 
sq.  ft. 


d  Syenites..  800  to  1200 


Mean. 
Tons. 


and    Mar- 


fit  for  hund- 


red, of  Con- 
and  N.  Jer- 
ftck 


ordinary, 

th   

good,  in  cc- 


first-rate, 


to  crack 

I, 

Paris,  1  day 


250  to  1000 
100  to  250 

150  to  700 


50  to  300 

20  to    30 

80  to    40 

50  to  70 
400  to  800 
100  to  200 


20  to    80 


760 
700 

«25 
176 

426 


200 
175 

25 

85 

60 

600 

150 

70 

25 

40 


(( 


i( 


Concrete  (lime  1  part, 
gravel    3   parts,)    3  40 

weeks  old 30  to    50 

Portland  hydraulic  Ce- 
ment,        English, 
pure,  6  weeks  old*     80  to  160     120 
**  1  part  cement, 

1  part  sand.     "       80 

1  part  cement, 

8  parts  sand.   *'        40 

1  part  cement, 

10  p'ts  shingle."       .« Id 

Roman  hydraulic 
Cement,  Eng- 
lish, pure.         "       ......M 50 

"  1  part  cement, 

2  parts  sand.  "       

Sheppy    Cement,   and 

Atkinson's    Cement, 

pure ^ 80 

Gloss,  green,  crown  and 

flint- 1300to2300   1800 

or  3  times  that  of  granite. 
Iceiflrm |  12  to    ISj      15 


Tonsper 
sq.  ft. 


Mean. 
Tons. 


Crashing  lieigrht  of  Brick  and  Stone. 

ame  the  wt  of  ordinary  brickwork  at  112  fts  per  cub  ft,  and  that  it  would 
r  80  tons  per  sq  ft,  then  a  vert  uniform  column  of  it  000  ft  high,  would 
base,  under  its  own  wt.  Caen  stone,  weighing  180  fts  per  cub  ft,  would 
>Iumn  1376  ft  high  to  crush  it.  Average  sandstones  at  145  fts  per  cub  ft, 
lire  one  of  4158  ft  high ;  and  average  granites,  at  165  fi>s  per  cub  ft,  one 
.  But  stones  begin  to  crack  and  splinter  at  about  half  their  ultimate 
ad ;  and  in  practice  it  is  not  considered  expedient  to  trust  them  with  more 

to  ^g^th  part  of  it,  especially  in  important  works;  inasmuch  as  settle- 
imperfect  workmanship,  often  cause  undue  strains  to  be  thrown  on  cer- 


is  246  ft  high ;  and  its  base  sustains  6]^ 

olid 


:hants'  shot-tower  at  Baltimore 

ft.    The  base  of  the  granite  pier  of  Saltash  bridge,  (by  Brunei,)  of  sol'ic 

the  height  of  96  ft,  and  supporting  the  ends  of  two  iron  spans  of  455  ft 
ns  91^  tons  per  sq  ft     The  base  of  a  brick  chimney  at  Glasgow,  Scotland, 

bears  9  tons  per  sq  ft ;  and  Professor  Ranklne  considers  that  in  a  high 
d,  its  leeward  side  may  have  to  bear  15  tons.  The  highest  pier  of  Rocque- 
e  aqueduct,  Marseilles,  is  305  ft,  and  sustains  a  pressure  at  base  of  13J^ 
ft.  For  greater  pressures  on  arch  stones,  see  p  342. 
at  St.  Louis  brid||r«  by  order  of  Capt  James  B.  Eads,  C.  E.,  showed 
aagnesian  limestone  did  not  yield  under  less  than  IKM  loiva  v^t  ^k^*^*  ^ 
IS  high  and  2  ios  djam  shortened  ^  inch  under  pteaftwc^^  «,\AT«(»sH«t«»^ 


»atf  "  Jfo/iw.  Brieka,  te."    Also.  "  CoiMt«t«.  OeviAiit,  k»: 
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Ultimate  average  tensile  or  eolieslTe  strenytii  of 

Timber, 

1  inch ;  being  the  weigbts  which,  if  attached  to  the  lower  end  of  a  vert 
1  square,  firmly  upheld  at  its  upper  end,  would  break  it  by  tearing  it 
large  timbers  we  recommend  to  reduce  these  constants  ^  to  ^  part. 


ih 

lean  (author)  abt. 


n  black, 
lish."....' 


luda 

laloupe 


rse. 


ice. 


mer  n 

:se,  Amer'n. 


ch. 


Lbs  per 
sq.  inch. 


14U00 
16000 
16600 
l&OOO 

7000 
12000 
11500 

6000 
20000 

7600 

9&00 
13000 
10000 

6000 
10000 

6000 
13000 
10000 
10000 
18000 
16000 
20000 
11000 
11000 
23000 

7000 
18000 
10000 


Mahogany,  Honduras. «... 

*'  Spanish. 

Mangrove,  white,  Bermuda... 

Mul^rry 

Oak,  Amer'n  white 

basket 

red 

Dantzic,  seasoned  .... 

Riga 

English..   

live,  Amer'n 

Pear 

Pine,  Amer'u,  white,  red, ) 
and  Pitch,-  Memol,  Riga...  3 

Plane 

Plum 

Poplar 

Quince 

Spruce,  or  Fir 

Sycamore 

Teak 

Walnut 

Yew 


Across  the  grrain.  Oak.. 

Poplar 

Larch,900to 
Fir,  &  Pines 


M 
t< 


(* 
tt 


tt 
tt 


Lbs  per 
sq.  inch. 


8000 
16000 
lUOOO 


10000 


10000 

10000 

11000 

11000 

7000 

7000 

10000 

12000 

15000 

8000 

8000 

2300 

1800 

1700 

550 


B  AVERAGES.  The  Strengths  vary  much  with  the  age  of  the  tree ;  the 
its  grovrth ;  whether  the  piece  is  from  the  center,  or  from  the  outer  por- 
tree ;  the  degree  of  seasoning ;  straightnessof  grain ;  knots,  Ac,  &c.  Also, 
LS  the  constants  are  deduced  from  experiments  with  good  specimens  of 
wrhereas  large  beams  are  almost  invariably  more  or  less  defective  from 
kedness  of  fibre,  Ac,  it  is  advisable  in  practice  to  reduce  these  constants 
inded  al>ove. 

late  tensile  strength  of  such  woods  as  are  usually  employed  in  bridges, 
I  commonly  assumed  at  lOOOQ  fi>8,  or  say  4]^  tons  per  sq  inch ;  and  the 
from  1000  to  2i)00  tt)8,  depending  on  the  character  of  the  structure.  Thus 
uld  probably  be  quite  as  safe  in  a  roo^  as  1000  or  1500  in  a  bridge  subject 
•ration. 

Mlnlns  of  Elasticity,  and  lt«  nse.    within  the  limit  of  eiutictty.  a 

r  given  material  leagtbea*  or  shortens  equally  ander  eqaid  additions  of  load.  If  this 
case  bevond  said  liimt,  it  is  plain  that  there  would  be  some  load  wbioh  would  stretch  a 
>  twice  its  original  length,  or  shorten  it  to  cero  or  0.  And  this  load  in  lb*,  for  a  bar  of 
re  cross  section,  is  the  mod  of  elas  for  the  given  material ;  or  is  the  E  of  aathors  on 
iaterials.  For  example,  a  one-inch  square  bar  of  wrought  iron  will,  within  the  limit 
I  on  an  average  about  I  part  in  12000  of  its  length  under  eaoh  additional  load  of  2240  lbs. 
,  If  the  same  rate  of  stretching  continued  bevond  the  limit  of  elan,  it  is  evideut  that 
r  16880000  lbs,  would  stretch  the  bar  to  twice  its  original  length.  Hence  these  26880000 
id  of  elas  for  average  bar  iron.  And  so  with  any  other  material.  Hence  the  mod  of 
which  bears  the  same  proportion  to  the  original  length  of  a  uniform  bw ,  as  the  load 
Dduoe  any  given  amoant  of  stretoh,  is  to  the  length  of  said  stretoh.  This  faet  faoiliutes 
ations;  thna« 

Lo«l  in  lbs  reqd    ^  i^thH^"^^ 

to  produce  a  gTven  I    «    '"  ^^^^^ 
r  orig  length 


'- 


stretoh  within         , 

elas  Halt,  la  tot,  J         in  inches 

Load  In  Iba  X  ortg  length  in  ins 


mod  of 
e\M. 


cross  seo 


motfofeiM  X  eroMseeinaqian  BMT«A»%atV«Kt. 

12 
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C«  alttmaAe  teiislle,i  ^r  eolieiiiTe  strenyili  of  Metals 
per  sqaare  incli.    (Contxxukd.) 


■M  B.  Vada  foand  that  forged  steel  IwlU  for  the  St  Loai*  bridge,  6K 
ad  Stlo  86  fu  long,  broke  tkort  with  only  90000  lbs  per  eq  inch ;  while 
t  H  iaeh  aeetlon,  eta  from  (Jke  large  one*,  in  no  inctanoe  broke  with 
per  aq  inch,  but  stretched  considerably. 

it|  BMaemer  ingota.  average 

Lost  American  Bessemer  ingots 

"  **         rolled  and  hammered,  120000 

to  130000 

homogeneous,  Cammell  k  Co,  England,  No  1 

"  "  "         No  2 

"  «  "         No  3 

iddled  bars,  rolled  and  hammered,  65000  to  135000.^ 

t|»erimi>ntB  by  Lieut.  W.S.  Shock, U.S;  N.,at  Washington, 
on  steel  from  the  Black  Diamond  Steel-TVorks,  Pittsburg, 
Pa.  All  the  pieces  were  cut  from  the  same  bar,  Uiree 
pieces  for  each  exp.  They  were  turned  down  to  a  diam 
of  62  of  an  inch  at  the  intended  point  of  fracture,  by  a 
groove,  in  shape  of  a  circular  segment,  with  a  chord  of 
about  1  inch : 

e  bar  in  its  original  condition,  109500  to  131900 

ated  to  light  cherry -red,  then  plunged  into  oil  of  82^ 

Fah,  201300  to  '227500  

ated  to  light  cherry-red,  then  plunged  into  water  of  79^ 
Fah.  Then  tempered  on  a  heated  plate,  152500  to  176100.. 
ated  to  light  cherry-red,  then  plunged  into  water  of  79° 

Sah,1327uO  to  150500  
iliering  in  oil  usually  increases  the  strength  from  40  to 
hO  per  cent  * 

rome,  made  at  Brooklyn,  N.  Y.,  and  tested  at  West  Point 
Foundry,  N.Y  ,  (specific  gr  7.816  to 7.956,)  163000  to  199U00. 

Average  of  12  specimens 

Mle  from  very  pure  Swedish  iron,  but  containing  differ- 
Bnt  proportions  of  carbon.  The  bars  were  21)^  ins  long, 
with  14  ins  of  this  length  turned  down  to  a  uniform  di- 
vn.  of  1  inch.    The  breaking  wts,  however,  in  the  table. 


>re  per  s<i  inch  : 

irk  No.  2,  carbon  .33 

»   No.  4 

.43 

'   No.  6 

"    .48 

•   No.  6 

"    .63 

*   No.  7 

.58 

'   No.  8 

«    .63 

'   No.  10 

"    .74 

*   No.  12 

"    .84 

*   No.  15 

"   1.00 

*   No.  20 

"   1.25 

.33  per  ct,  stretched  1.37  ins. 


u 


({ 


it 


(( 


t( 


1.37 
1.25 
1.12 
0.81 
1.00 
0.69 
1.12 
1.00 
062 


(( 


»re  than  about  1.5  per  ct  of  carbon  the  tensile  strength  of 
imiiiishes.  A  bar  of  the  above  >>'o.  15,  which  broke  at 
s  per  sq  iqch,  when  turned  down  for  14  ins  of  its  length  ; 
with  79V^  tons  per  sq  inch  when  turned  down  at  one 
>nly.  This  is  owing  to  the  fact  that  the  last  could  not 
1  as  much  as  the  first,  and  therefore  its  diam,  could 
I  diminished  as  much  bi^fore  breaking.  All  its  fibres 
more  unitedly.  It  will  bo  observed  that  the  steel  of 
jt  strength  stretched  the  least  before  breaking.  Tliis 
er  steel  would  bn*ak  under  a  suddenly  applied  force,  or 
IB,  more  easily  than  a  weaker  one  would  ;  because  the 
r  one,  by  its  stretching,  gradually  breaks  the  force  of  the 
«,  on  the  same  principle  as  a  spring.  ITence  the  stool, 
:o,  which  is  strongest  against  a  gradually  applied  force 
in,  may  be  nnfit  for  uses  where  the  strain  comes  upon  it 
ilj.f 


Pounds 

per 
sq.  inch. 


63000 
86600 

125000 
58240 
71680 
76160 

100000 


120700 

53.9 

214400 

95.7 

164300 

73.3 

141600 

63.2 

180000 


\ 


Tons. 

per 

sq.  in. 


281 
38.6 

65.8 

26 

82 

34 

44.6 


80 


30.4 

34 

37.5 

42.5' 

41.5 

45 

45.6 

65 

60 

60 


\ 


"img  It  harOBmlag  bj  sodden  cooJIng. 

gyf^^!^."*  rgwxi-awKgfOTH  of  mai.  Is  about  tw\oe  %a  w^afc  »*  ^.^*^  J>\;\y^ 
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STRENGTH  OF  MATERIALS. 


Aweimge  nltfmate  tensile  or  eoliealTe  fltreBsHi  vf  ■ 

per  square  ineh.    (CoirTiNnn>.) 


8ilver,  cast 

Tin,  English  block 

"   wire 

Zinc,  cast 

•'      sheet  

"     wire 


PooBdi 

per 
■q.iBoh. 


41009 
4000 

7000 

7600 

10000 

22000 


Art.  6.    AverHge  nltlmate  tensile  or  colieslTe  streng 

various  materials. 


Brick,  150  to  300 

Caen  stone,  100  to  200 

Cement,  hydraulic,  Eng- 
lish Portland,  pure, 

7  days  old 

"    6  months  old 

"    1  year  old 

"    English  Roman,  af- 
ter 1  year 

Pure  hyd  cements  adhere 
to  brick  and  stone  with 
from  15  to  35  when  on- 
ly 1  month  old 

At  end  of  1  year,  3 

times  as  much 

See  art  on  '^  Cements,"  Ac. 

Glass 

Glue  holds  wood  together 
with  from  300  to  800-.. 


Pounds 

Tons 

per 
sq.  inch. 

per 
sq.  ft. 

225 

150 

14.4 
9.7 

100 
350 
450 

6.4 
22.5 
29 

200 

12.8 

25 

1.6 

75 

4.8 

9500 

611 

550 

35 

Horn,  ox ....^ 

Ivory 

Mortar,  hydraulic,  100  to 

200 

"    common,  6  months 

old,  6  to  34 

"    does  not  often  ex- 
ceed   

Marble,  white  Italian 

"        black 
Oolites,  100  to  200.  ..!.*"!' 
Plaster  of  Paris,  well  set . 

Rope,  Manilla 

**      hemp 

Sandstones,  100  to  200 .... 

Slate  

Stone,   Ransome's  artifi- 
cial   

Whalebone 


PounA 

per 
sq.  ineb 


9000 
16000 

160 

80 

16 

S4. 

140 

160 

70 

12000 

16000 

150 

11000 

800 
7600 


To  reduce  lbs  per  sq  inch  to  tons  per  sq  ft,  mult  them  by  .0643. 
To  reduce  tons  per  sq  ft  to  lbs  per  sq  inch,  mult  them  by  15.55. 

Rem.  In  practice  it  is  difficult  to  secure  that  either  a  tensile  or  ft  eom; 
force  shall  act  precisely  in  tfte  direction  of  the  axig  of  the  piece  strained ;  • 
does  not,  a  less  degree  of  force  will  produce  fracture,  because  the  strain,  whicl 
be  diffused  among  all  the  particles,  is  thrown  chiefly  upon  only  a  portion  o 
This  is  one  of  the  many  reasons  why  it  becomes  necessary  to  maJke  a  large  all 
for  safety. 

The  idea  was  at  one  time  prevalent,  that  the  tensile  strength  of  a  bar  of  i 
became  greater  by  the  bars  being  broken ;  for  it  was  found  that  a  piece  c 
broken  by  tension  would  boar  more  than  the  entire  bar  did;  and  that  if  a] 
a  piece  were  broken  in  the  same  way,  it  would  in  turn  support  more  than 
But  this  proved  nothing  more  than  that  the  bar  broke  at  its  weakest  part  fi 
at  the  next  weakest  in  succession. 

Iron  Is  weakened  by  extreme  cold. 

The  belief  (originating  with  Styff  of  Sweden,)  is  gaining  ground  that  ii 
stool  are  not  rendered  more  brittle  by  intense  cold,  but  tliut  the  great  noi 


about  ^  that  of  wroaght,  or  M  that  of  oast  Iroo.    Goot»  atskaoc  vrcm.  aTaawHW  akMt  t 

or  1  pare  ia  12500,  for  every  ton  per  nioare  iaob  of  load,  up  to  iti  tftesOa  limit,  wkteh 

raogea  at  betweea  }i  and  ^  ot  ita  breaking  ttrength  ;  the  latter  being  for  the  Itnrdcr,  stra 

Jesa  Btretcby  kinds.     A  uniform  bar  of  rolled  steel,  gT&dually  loaded,  will  etretoh  from 

of  its  length  before  breaking ;  or  from  J?^  of  an  Incli  to  1  Ina  v*t  t<»\.,  «eQOT<i\tki  \a  ^u& 

meaa  of  these  Is  nearly  J^  of  the  length,  or  l-X  Incti  to  a  toot.   "^ir^ieiue^Mik^eAVVt&iiaBci* 

p  be  boated  to  aotlneBB  la  order  to  give  U  a  required  ibape,  Vt  \»  Mixx%\iii ^*- — * 
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of  niUj  wheels,  axles,  Ac,  In  winter,  is  owing  to  the  more  seTere  blows 
'  the  froseo  Had  unyielding  nature  of  the  earth  at  that  period  of  the  year. 
3rg*8  experiments  show  conclusively  ttiat  although  thede  metals  may  per- 
is much  tti-adjf  force,  gradually  applied,  in  winter  as  in  summer,  yet  their 
to  impuUe^  or  »wid<^  forcf^  is  not  mure  than  )^  or  ^  as  great  in  severe 
;h  renders  them  less  flexible  and  less  stretchy.  It  is  probable  that  this 
jt  receive  as  much  attention  as  it  should,  in  proportioning  iron  bridges,  Ac. 
perimcnts  with  good  wrought  iron  slrawed  that  even  at  £iP  Fah,  or  only 
han  freezing  point,  there  was  a  loss  of  strength  of  from  2)^  to  4  per 

Breaking  by  shearlnip.  Let 

:  1,  represent  a  beam,  with  its  ends 

supports  S  S ;  with  a  load  I,  so  heavy 
:  it  by  forcing  its  entire  central  part, 
jT  from  the  two  end  parts  a  dg  and  be  o ; 
tiile  th«  two  latter  remain  in  their 

central  part  sUd^g  out;  or  is,  as  it 
<;he'l  clean  out  fram  between  them, 
ar  mode  of  fr;A:ture  is  called  shear ing^ 
n.  The  force  required  to  produce  it, 
itance  wliich  the  beam  opposes  to  such 
y  practically  be  assumed  to  be  in  pro- 
the  art^a  of  the  sheared  section.  Thus, 
irea  of  cross  section  of  a  beam  1  ft  sq 

IS  great  as  that  of  a  beam  6  ins  sq,  the  former  will  present  4  times  as  great 
'i  to  Hheanng;  or  will,  in  other  words,  require  4  times  as  great  a  load,  or 
rar  it  across.  In  Fig  1  the  total  sheared  area  is  equal  to  twice  the  trans- 
of  the  beam  See  Remark  2,  p  1298.  of  **  l^rueses."  Bridge  chords  are  ex- 
(reat  shearing  foixe  where  they  rest  on  the  abuts,  but  it  becomes  leas 
•  center  of  the  span;  and  so  with  every  equally  loaded  beam. 

very  little  experimental  data  on  this  subject 
leArinft*  Afreiiipt.li  of  white  pine,  spruce, 
jk,  i>»irtt//el  tn  the.fU/reti,  by  the  author,  'iW  to  600  the 

;  oak  400  to  700*;  and  is  of  nse  in  estimating  the 
ilong  the  line  e  e.  Fig.  2,  at  the  end  of  a  tie-beam; 
lead  of  a  queen-post,  &c.    Across  Vie  Jibrfg^  their 

however  considerably  greater.    In  very  firm  oaks 
>thor  woods  it  is  stated  at  2000  to  5000  lbs  per  sq 
1  the  fibres. 
flit  Iron  is  stated  at  40000  to  45000  lbs  per  sq 

iron  30000  to  40000;  rivet-steel  64000;  fine  cast 
;  copper  3.')0«i0. 

iring  strength  of  steel  rivets  is  said  to  be  about  }>^ 
hail  the  tensile.  The  punching  of  rivet-hole«  in 
•1  iilates,  is  an  example  of  shearuig.    Hie  rivets  in 

dges  are  freqn.'ntly  sheared  in  two,  in  time,  by  the  motion  of  the  plates 
lich  they  are  driven.    In  punching  holes,  the  area  of  section  is  evidently 

ult  the  circumf  of  the  hole  by  the  thickness  of  the  plate  in  which  it  i« 
If  a  piece  of  material  be.aupported  as  shown  in  Fig  ^V^  its  resistance  to 
ill  i»e  3  tiiui-fl  HS  great  as  in  Fig  1,  where  it  is  sheared  across  in  2  places 
-eas  in  Fig  2)^  shearing  would  have  to  occur  at  6  places,  as  per  the  6 
I. 

Breaklngr  bjr  torsion,  or  twlstlnff.    Let  n,  Fig  3,  be  a  vert 

ro<l  of  any  uiaterfal,  1  inch  diam,  the  lower 
ch  is  immovably  fixed;  and  let  c  be  a  lever 
rage  (see  levers;  a  6,  measd  from  the  axis  of 
teal  rod,  is  I  ft.  Suppose  that  with  a  opring 
ached  to  the  end  b  of  the  lever,  we  apply  force 
y,  and  around  the  axis  of  the  rod  as  a  center, 
•d  breaks  by  lieing  twisted.  Then  if  we  mult 
e  levcnige  a  b  in  feet,  and  the  amount  of  fiirce 
he  spring  taUnce  in  ^s,  and  div  the  prod  by 

the  diam  oS  the  rod  in  ins  the  quot  will  be  a 
iber  of  foot-poundd ;  antl  will  be  what  is  called 

t,  or  C(if,tHcie.nl  fur  torsion,  for  all  cy lindricaV  bat«  ot  \.\\«A.  TSA\«t\a\.«  W ^% 
e  bar,  we  ahull  get  the  ooef  for  square  bars ;  and  fto  "wlWi  «.ti^  o\XiL«t  i^v^* 
ritb  Mty  other  bur,  or  «JiAft,  we  malt  the  c«be  ot  Vte  d^»ak  Vdl  Vsl^cvm  V 

)        ■ 


V. 


E^2i 


..,a 


Mi.3 


11 


■'^^^ 


^K£!?<n:;S  OF  1LA3SSL4I& 


"»    »' fi^n^fv- n: -foe  tBF  OR  win  kc  the 
*«       0:.  anapi-  of 


'?'««»■  .    IT.  IfMC     *       n.  Ite  Cnbrofdiui 


&7U'  nf  ftBT  mus-.K:  :ii=nHH  directir  m  tbt 
^    .-w."  _  1I.1IUIV :  AXic  um.irwtwg  m  either  tbe  i«vflni|i 


ma.,  kn-  dif  cxpstBtmien.  v  frtn  4^0  |b 
_  ^-  _      '■»*««.     Thf-  B^t-iip-  Jre-  «»rt  cii  then  if  acariy 
->     .-^     -    •-     '^>     wiridhHl  «i*i  hi»mr,  »<  :  w  aTfiayw  -mt 

!•>         ^  .  «    i*^    xitik   Af  «  rr«d  Tc  !»▼*  ft  afrtr  of  SL  4.  S,  ftc^ 

-     .   '^k.  7-^   Biuii  mid  f<4tR-  In-  S.  4.  &  Ic  ■»  the  CM 

~^*>^xb;  sff-.Y..   TLediftiD  vill  then  beifaeifl/eoHL. 

-      -k       «^  iH>n  inadt-  to  nriilrt-  ariicnd  the  uii  of 

.     .    .-    -^^.-ti^diL.  M^fv^iwk.  w  cftU^d  the  ast^le  of  nmaax.  UN 

•kja.:  u<it»  If  -li  aApn  the  omovsi  of  fore*  reqd  to  prodm 

t.    .1-  ^""^er  » il  ■  W  the  mngle  of  torsion :  or  in  odNT 

^  ^."•■.jc^  »-hirk  ib^forDT  nia«t  nrnlre  around  thi 

■M,-»    -.rfui.     ^^jt^xnitf^  mj  that  •  vorking  shaft  ebonld  not 

•   "^    T»,    <   :»•.■*  "*!^i  fiTT  iiiMuiDg  an  J  material,  fee  ^ 
-   --« .^>>*    I    i->:hA  a  ^Under  ot  that  material  by  tonuM^ 

>.-  .'•w    Jh  !«irr^'*^  .    »-Jic  v  Cnbe  of  nid  of 
:  "V  >.!  -.   2    ^  •^'*^''^cjlinderinin« 


«  -«.  ;£k.*^  stak.^  'J  about  1^  times  that  of  a  ronnd  «w 

1"  >j  :«.-<«    ^>^  about  ^  less  than  that  of  a  rooid 
>.  ..  ^     '.  =-.  ..'V-s  rifiU  u>  fracture  anjf  aolid  rectangular 

-.  -^-  i.-'P-i   .     The  square  of  ^   The  square  of 
.  ^i»    V  -■  ?M   fi        ^        one  Bide        ^   the  other  fids. 

v;  -jj-r      ■  ;  '.'i  the  sum  of  the  ^  Leverage 
li^'ve  :wu  tfquures  ^  in  inches. 

.  ^. ..    ua«:a  b«cter  than  solid  ones  of  the  same  ansrf 

v«  .  v'«i«itt4- ti^n  «hMftlMir.    The  shafting  nsod  fiir  Oi 

'.J  -aiwoi  machintt-«hop0,  many  mannfactiirinKrt> 

■  -Hitfcing  itmins.    It  Is  nsuallj  made  cThndrkd. 

'>    ■. .  .-.i^^  «ho«»»  that  we  maj  safe! J  Qso  the  following ftr 

.    o .  >:.>rkug  buc  little  weight,  and  well  supported  at  propir 

■*.  .^>kgu;*tiug  bidl  aud  Hucket  hangexs. 

■is>.    i' 

.   »  Hor«e-poweni 

•    '■•     •'  Nuinlwr  tH  revs 

.   ■"   •»•■  pt*r  luin. 

H.     i  .-jiu  •liam  in  ins,  div  :h«  namber  of  horse-poveit 

,    .■„  :iic  .4lial1,  br  the  nauiN^r  >'f  revs  whicb  the  fhuft  ii 

'i..  ■    Tk-    luot  by  126.    The  rn'J  will  be  the  cube  of  th» 

. .  t  ..I  :>v  the  ilium  :t»elf.at  The  :1m  an  est  part  of  the  shift; 

I...    lU"  ijtoter.i  !"haft  pfv  M»«^  ui'lcr  the  same  nnmbcr 

.     K-   loisioual  4Cr»in  'j^vn  :?.    This  may  at  first  see* 

■  ;l«'^i  tliat  A  hoi*e^^»«r  •»  tm*!**  «p  of  pr«  and  didt 

Uv  less  is  iu  pTCSMTfh.  ^«nie«  «a&;;  V*s»-yiimi  i» 


\ 


8TBKNGTH  OF  MATEBIAJA  183 

ItIbk  npidly  will  require  a  leM  diam  than  a  small  number  rerolving  ilower  in 
c^nrtioQ  than  its  number. 

Art,  0.  TranMverse  (or 
BMMs)  «trenfrf  li  of  mate- 
Ms;  or  that  by  which  they  re- 
it  breaking,  when  employed  as 
■Bs;  as,  for  instance,  in  Fig  4. 
Bicperiment  has  shown  that  in 
•ms  of  ttie  same  material,  and 
aetly  alike,  except  in  their 
ndtns,  n  d,  the  strengths  vary 
tte  same  proportion  as  those 
•idtbs;  tliat  is,  if  one  is  2,  3,  or 

<tlaes  broader  than  the  other,  its  strength  will  be  2,  3,  or  10  times  as  great.  If 
if  are  alike,  except  in  their  clear  lengths  or  spans,  a  a,  between  the  points  of  sup- 
1^  their  strengths  will  be  inversely  as  those  lengths ;  that  is,  if  one  is  2, 3,  or  10 
MS  longer  than  the  other,  it  will  be  but  H*  /^  oi*  iV  ^^^  ^  strong.  If  they  are 
Ike,  except  in  point  of  depth,  o  <2,  measured  vert,  their  strengths  will  be  direcUy  as 
■  aamareM  of  their  depths ;  that  is,  if  one  is  2,  8,  or  10  times  as  deep  as  the  other, 
will  also  be  4,  9,  or  100  times  as  strong ;  or  in  other  words,  will  require  4, 9,  or  100 
■SB  as  great  a  load  to  break  it.  See  ^t.  11.  It  must  be  remembered  that  we  are 
wipeaking  only  of  strengthy  or  resistauce  to  breaking ;  and  not  of  stiffness^  or  resist- 
n  to  bending^  or  dfjlectinff.  Stiffness  follows  laws  tkkt  diff  from  thosb  oi 
BMTO,  and  will  be  alluded  to  further  on,  at  Art  26,  Ac. 

lew,  if  we  combine  all  the  three  foregoing  elements  of  sise,  namely,  length, 
M^  and  depth,  we  have  the  fact,  that  the  strength  of  any  beam,  of  any  sise,  of 

^  .             *    .  ,   .    ,                *,      *    ,*    breadth  X  the  square  of  its  depth. 
V  given  matenal,  is  in  proportion  to  its — ~ ; —  There- 
its  length 

n^  if  we  find  by  actual  trial,  what  center  load  will  break  any  beam  of  known  size ; 

J  „       ^    .     ,    ^  ,    ^.  .,       ,  breadth  X  8Q  of  depth 

«  then  find  what  Is  the  proportion  between  its .  - — — ,  and  its 

length 

■■kg  load,  said  proportion  (or,  more  strictly  speaking,  ratio)  will  also  be  that 

Uch  any  similar  beam  bus  to  it*  breakg  loaid.  and  will  therefore  serve  to  calcu- 

'*  the  breakg  load  of  any  other  similar  beam  of  the  same  material.    For  instance, 

*•  take  any  piece  of  average  good  white  pine,  say  6  ius  broad,  10  ins  deep,  and  12 

»  1  «  J  *i.  *  s*     breadth  X  sq  of  its  depth  ,  ,  ^    6  X  100      ,^ 

t  clear  span,  we  find  that  its — — ^ — is  equal  to — — =60. 

length  12 

«  if  we  Kradually  load  this  at  its  center  until  it  breaks,  we  shall  find  that  the 
akg  load,  including  half  the  wt  of  the  clear  span  of  the  beam  itself,  amounts  to 

bread  Ui  ^  sq  of  depth 
00  lbs.   Therefore,  the  proportion  between  the    in  ins    ^    in  ins  im<i  the 

length  in  feet 
akg  load,  is  as  60  to  22600 ;  which  is  the  same  as  1  to  450 ;  that  is,  the  breakg 
d   of  the  beam,  including  half  its  own  weight,  may  be  found  by  mult  its 


by  450.    And  in  this  same  manner  may  be  found  the  total 


idth  y  sq  uf  depth 
ins   ^      in  ins 

length  in  feet 
iter  breakg  load  of  any  rectangular  beam  of  average  quality  of  white  pine.    For 

mai  load  one-half  the  wt  of  the  clear  span  must  be  deducted.  It  is  self-evident 
t  the  weight  of  the  beam  assists  to  break  it,  as  well  as  the  neat  load ;  and  the 
ent  to  which  it  does  so,  is  the  same  as  if  one-ha^  of  its  unsupported  wt  were 
centrated  at  its  center,  llonce  the  rule.  On  this  principle  the  rule  in  Art  12  is 
ad.  The  ratio  thus  found  for  any  material,  is  called  the  coef/or  cmUr  breakg 
iff,  for  that  material ;  or,  frequently,  its  constant  for^  Ac,  because  it  does  not  vary 
h  the  sise  of  the  beam.    If  we  take  a  piece,  all  of  whose  dimensions  are  1,  as  1 

breadth  y.  sq  of  depth 
k  Vide,  1  inch  deep  and  1  foot  span ;  then  the    in  ins    ^     in  ins        y^\  \^ 

;  iq  of  1  length  in  feet 

-J =*  1;  and  the  breakg  load  (including  half  its  own  weight)  of  such  a  piece 

it  once,  the  constant  reqd.    See  Remarks  1  to  4.    In  an  average  piece  of  white 
S  this  load  will  be  fonnd  to  be  about  450  lbs ;  or  the  Baxne  ah  \Yvq  cotaXmA.  o>^\»wTkM\ 
l.th*  large  beam.    In  thlB  manner  the  student  may  tmASXn  tLivQLCcnA\».xAaV>x 
mie;madifbe  uaee  materials  not  included  in  our  tabVe.  Axt  Y^Ji AX  ^VXVV*  h*^>\  v 
^£^if^^''^.^y*i^  inserting  his  own  reaulU. 
s  a»ngoiag  dincticoM  for  Oading  ooefficienta  may  ^  mox*  \«\»'^1  «x.Vt^ 
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Th*  Jbllowing   hrdruiLiD   « 

LCk 

i.h.  ■:::-".::;;™.::::::: 

rU'hita    „ 

JMO 

kepi  In  Hm  niter  for  t  fear. 
FurUaiid  amnt,  ItagUtb.  pan 

^ncB  (l«™i,  SMlCh,  pilH....- 

Ci«.,  M)lt,:ita,  N.  J.r..j,  thick 

;^:;:;::";;;;;::: .:::::;:::; 

MO 

"      1  mtuura  orelKcked  lin^ 

S 

Th™  LV nr«ui4'?i'd8«f^ 

Ihsqadltj  oftlis  limssndHuiil 

-jir"-.~:..-l 

flU^'»^'^S.".^'^\      « 

1«- cM«lagt  2}^  or  31 

ir^'^i£is-z-J 

SS'I 

"        Rad  of  CoftMcfteat  wi«\ 

Shl^-.  iBldon  Itsbed.^ooin^^ 
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by  a  formula.    After  finding  the  neat  center  breakg  load,  by  ezperlBMmti  adi  li| 
ODo-balf  the  wt  of  the  clear  span  of  the  beam,  for  a  total  center  load;  tii<n  At   ^ 

Span     ^        Total  load  j 

Coef  for  breakg )    ^   in  feet  _2 ^injbs ■ 

strength  /   "^  Breadth  ^  Square  of  depth 

in  ins    ^         in  inches. 

In  a  cylinder,  inasmuch  as  the  breadth  and  the  depth  are  each  equal  to  fhediM 
it  is  plain  that  B  X  ^*,  amounts  to  the  same  thing  as  diam*;  and  itisalmiyii 
oxprudsed.    See  Remark,  Art  29.  p  201. 

Rem.  I.  The  variation  in  strength  of  equal  beams  of  the  same  material  ii  wpMl 
that  it  is  necoHSiiry  to  ezporiment  with  several  pieces,  in  order  to  find  an  aTeii|Bi 
a  constant.  The  loitds  given  in  the  preceding  tables  are  also  constants,  but  for cnri 
ing  and  tension.  They  are  averages  of  the  strengths  of  the  materials,  derived  M 
experiment,  llie  actual  strength  of  any  particular  specimen,  if  of  superior  qnH 
may  be  considerably  greater  than  the  average ;  or  on  the  other  hand,  if  of  veiypi 
quality,  it  may  full  as  much  below  it.  We  should  always  keep  this  in  nind  «M 
referring  to  any  table  of  constants ;  and  if  we  have  doubts  as  to  the  quality  of  tl 
piece  of  material  which  we  are  about  to  employ,  we  should  make  a  correi^oodll 
deduction  from  the  constant  in  the  table. 

Rem.  2.  If,  instead  of  white  pine,  we  had  experimented  with  oak,  iron,  Btons^l 
tlie  process  for  finding  the  constant  would  have  been  precisely  the  same.  If,  ioriN 
of  a  square,  or  rectangular  beam,  we  use  cylindrical,  or  tnangular  ones,  or  any  o^ 
shape,  such  ax  hollow  cylinders,  II,T,  or  U  beams.  &c,  we  shall  in  the  sum  «i 
establish  constants  for  either  larger  or  smaller  beams  of  those  xAaj>ex,andof  piccW 
tliu  same  ]m>porti(m$  in  every  part.  See  Remark,  Art  2ti.  Or  if,  instead  of  ttiippH 
ing  the  beam  at  both  ends,  we  secure  it  firmly  at  one  end,  and  load  it  at  the  oibi 
end  until  it  breaks,  we  shall  obttiin  the  constant  for  beavMfixrd  ui  one  fnel,andliak 
at  Vie  other^  &c.  It  must  also  be  remembered  that  the  constants  Hre  for  loads  iff* 
or  quiescent.  If  they  are  liable  to  jars,  jolts,  vibrations,  Ac,  a  large  margin  Binitl 
left  for  safety.  Moreover,  the  constants  given  in  tables  are  genentlly  d^aeodUM 
small  specimens  free  tVom  important  defectH;  whereas  lar^e  beams  of  anyUii^ 
material  UHually  contain  irregularities,  wliich  diminish  their  strength ;  afraaail 
account  larger  allowances  for  safety  should  be  made  as  the  dimensions  of  thsM 
increase. 

Rkm.  8.  It  is  not  necegsary  that  the  breadth  and  depth  be  taken  in  iDt,niA 
lengths  in  ft.  They  may  all  be  in  ins,  ft,  yds,  or  any  other  meiisure;  but  slnnl 
cvery-day  practice  we  usually  speak  of  the  breadths  and  depths  of  beams  in  ioii" 
of  their  lengths  in  ft,  it  becomes  more  amvenient^  so  to  consider  them.  If  otber  bmM 
urcs  be  used,  the  constant  will  of  course,  bo  diif ;  but  it  will  still  be  such  that  if  ■ 
same  measure  l>e  used  for  calculating  the  strength  of  another  bi'am,  the  final  Ml 
will  bo  the  same  as  before.  In  like  manner,  the  loads  may  all  be  taken  in  toBi|l 
instead  of  lbs;  but  in  giving  the  rule,  it  must  be  stated  what  measiures have bd 
employed.  See  Remark,  Art  29.  Frequently  all  the  dimensions  are  given  in  ia»,\ 
which  case  the  resulting  constant  will  be  twelve  times  as  great. 

Rem.  4.  There  are  peculiarities  in  the  nature  of  some  materials,  which  dimlih 
mnterially  the  reliability  of  constants  derived  from  experimenting  with  small  plM 
Thus,  a  large  beam  of  cast  iron  will  break  with  a  loss  load  in  proportion  than  am 
one ;  because,  in  the  interior  of  thick  masses  of  that  material,  more  time  tocuol 
required  than  in  tlie  outer  surfaces;  in  consequence  of  which,  there  is  a  want  of  ■ 
formity  in  the  arraufrement  of  the  particles  of  iron,  and  this  conduces  to  weokM 
All  we  can  do  in  such  cases,  is  to  exercise  Judgment  and  caution  in  making  raffldl 
allowance  for  safety. 

Art.  10.  Table  of  conntantn  or  eoelllcieiilM  for  tlie  qalescd 
break inic  loads  of  rectanffnlar  beamn,  snpporte^l  horlMi 
tally  at  botb  endn,  and  loaded  at  the  center ;  being  the  averaK»f 
nscent  breaking  loads  in  lbs  (including  one-half  the  weight  of  the  t>eams  thenuRlti 
for  beams  1  inch  square,  and  1  f<K»t  clear  length  between  the  supports.  Yortaji 
in  practice,  not  more  than  about  ^/^  to  ^  of  these  c6nRt»4nts  should  be  employed;  i 
ponding  upon  the  importance  of  the  structure,  its  temporary  or  permanent  dian 
ter,  and  the  degree  of  vibration  to  which  it  will  bo  exposed.  Thus  a  nxtf  will  fn 
ably  be  as  safe  at  i^,  as  a  bridge  at  %.  Even  with  a  perfectly  Mo/e  load,  a  beam  ■< 
Af^//  too  much.  See  Art  '-^6.  p  196. 
If  any  of  these  coetHcienta  be  mult  by  .589  (or  say  .6)  it  will  givo  that  fbracjU 

(fr/m/  beam  whose  diam  =  side  of  the  oquaTe.    Oi  ii  m\)\XV|  .IV  U  will  (!▼•  tb 

for  M  square  beam  with  it«  diagonal  verUcal. 
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•■•  Tfelrd  iMMri  of  any  of  ttaese  eonstavte  (except  those  for  wrongfat 
m  and  steel),  may  be  taken  In  ordinary  practice  as  about  the  average  COBStani 
IT  the  vreaiesi  center  load  within  ttae  elastic  limit.  The  loads 
re  given  for  wrought  iron  and  steel,  are  already  the  greatest  within  elastic  limits. 
eplW. 
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jLbs. 


WOODS. 

ik,  English 

*  Amer  White 

**  Swamp 

*  Black 

Mar  Vitm,  Amer 

Mwi,  Canada. 

iwl,  Bnglish 

*  Amer  White 

*  Amer  Red 

Ktft,  Amer  Black 

"     Amer  Yellow 

!Uir,Bermuda 

*"     Gnadaloupe 

*  Amer  White, 

or  Arbor  VitSB 

^htbtvL 

Bi^BnglUh 

*  Kock,  Canada 

g«tock 

Kebory,  Amer 

"           "    Bitter  nut. 
^  Wood,  Canada 


} 


Vitm.. 


kkoganjf 

kagrovt,  White.. , 

^         Black 

heIe,Bhu:k , 

*     Soft. ~. 

nk,  Ingiish , 

"   Amer  White 

«       **      Bed,  Black,  Basket.. 

"   Live , 

Vm,  Amer  White 

•*       •*      Yellow 

«       **      Pitch. , 

"    MemeU 

^iplar. 

van 

prmce 

-     Black 

jreomore 

umaraek.^  

Wfc. 

ValniU 

fiOow 


KWtkhB. 

irmti 

nm,caH^  1500  to  '2700....averago 

*  *•   common  pig 

"      **    castings  from  pig 

*  **   employed   in  our 

*  "for  Gairtingii  ijior  3 
/OS  Mck... 


ta- 


'm^mvtvH  »Mtf  to a800......mri 

Wpomgktiroa  dom  not  drfak/j 


650 
650 
400 
800 
250 
350 
500 
450 
650 
450 
450 
400 
600 

250 

450 
350 
600 
400 
700 
500 
600 
600 
650 
400 
450 
650 
550 
550 
550 
550 
600 
550 
600 
450 
50O 
550 
450 
550 
700 
450 
350 
500 
400 
750 
450 
350 


850 
21 OU 
2000 
2:iOU 

2026 

ISOOf 


Transverse  Strength. 


but  at  about  the  average  of  2500 
lbs  its  elasticity  is  destroyed.   So 
also  with  the  loads  for  steel. 
Steely  hammered,  5000  to  7000,  ar 
rolled 


4t 


M 


(t 


M 


M 


II 


M 


8TONS8,  ETC. 

Blue  itonejlaggingy  Hudson  River 

Briekf  common,  10  to  30.  average 

**      good  Amer  pressed,  30  to 

50 ^ average 

Oaen  Stone. 

Oementj  HydrauUe^  Enelish  Port- 
land, artificial 
4  months  old.. 
Roman,  of  Scot- 
land  

U.  States,  about 
TVoM,  sand,  slacked  lime 
in  powder  ;lmeas 
ure  of  each,  1  year 

old 

PuMwAana^  instead  of 
Trass  in  the  above 
The  following  hydraulic  oe 
ments  were  made  into  prisms,  in 
vertical  moulds,  under  a  pressure 
of  32  fts  per  cub  inch,  and  were 
kept  in  sea  water  for  1  year. 
Portland  Otment^  English,  pure, 

1  year  old.. 
Roman  Cement^  Scotch,  pure.... 
American  Cements,  pure,  av  about 

Granite^  50  to  150 average 

"      Quincy  

Glass,  MlUville,  N.  Jersey,  thick 

flooring 

Mortar,  of  lime  alone,  6v)  days  old 
1  measure  of  slacked  lime 

in  powder,  I  sand   

1  measure  of  slacked  lime 

in  powder,  2  sand    

**      1  measure  of  slacked  lime 

in  powder,  4  sand 

These  are  of  course  rude  aver- 
ages, as  indeed  all  such  constants 
must  be;  for  much  depends  on 
the  quality  of  the  lime  and  sand, 
aud  the  care  with  which  they 
are  mixed. 

0»UteSt  or  Roe  stones.    These  do 
not  occur  in  the  United 

Stetes.    20  to  50 ax 

Axndttonfjt,  20  tolO .w^vn^ 

**       BM  ot  CoTi\«ftl\c«Xaxi^.       ^. 
|a^«i  3eT%ra • \     ^** 


(I 


II 
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B  OTAL,  OR  r.LLiPTiG,  first  find  the  load  for  a  roctang^nlar  b«ain,  whose 
;ively  equal  to  the  two  diams,  and  mult  it  by  .0 
8  OF  WOOD,  AND  TRIANGULAR,  and  its  bostt  (whether  up  or  down)  hor, 
utkg  load  for  a  rectangular  beam,  whose  breadth  is  equal  to  the  base ; 
ual  to  the  perp  height  of  the  triangle;  and  take  one-third  of  the 
roziiuation.  When  the  edge  is  down,  the  ends  mwst  rest  in  trian* 
a  the  supports :  otherwise,  they  will  be  crushed  when  loaded.    See 

th  snch  cross-sections  as  Figs  A  to  G,  the  following  rude  rules  of 
1  be  preferred  to  more  intricate  ones,  being  sufficiently  approximate 
poses,  and  for  any  material.   Pee  near  end  of  Art  24. 
Figi  A.  B,  D,  O,  or  for  an  ellipse,  (each  one  supposed  to  be  of  equal 
;hout,;  first  find  the  load  for  a  solid  beam  of  the  same  size  and  shape. 


SIDE 


r  a  beam  of  the  size  of  the  hollow  ]>art.  Subtract  the  last  fh>m  the 
f  the  reinaindor. 

and  bottom  being  of  equal  size,)  first  find  for  a  rectangular  beam 
ir  two  beams  corresponding  to  the  two  hollows  v  v.  Subtract  these 
t.    Take  %  of  the  remainder. 

1  for  three  separate  beams  r  r,  1 1,  t  n,  and  add  them  together.  Take 
lany  othor  forms  of  beams  in  comniun  use,  do  not  admit  of  any 
roximate  rules.  The  writer  knows  of  no  altornatiTe  in  such  cases 
neiit  with  a  model  made  of  the  giveu  material,  and  thus  find  the 
tit,  as  directed  in  Art  9.    See  Remark,  Art  2U;  also  Art  24,  &c. 

Phoenix,  and  for  Cooper  &  Hewitt's  beams,  see  Arts  U7,  38;  and  for 
Jt-ironones,  Art  o5.  p  208. 
this  casu  wu  may  remove  V^  part  of  the 
iolid  Hquare,  or  rectangular  beam,  without 
reakin^  strength,  although  it  will  bend  more, 
remain  uniform,  and  the  deduction  be  made 
he  depth,  as  hIiowu  by  Xhd  dotted  lines  at  th, 
iS  should,  the  )retically,  be  curves,  but  the 

bo:3t  in  pnictice.     Or  the  depth  may  remain 

breadth  be  reduced,  as  shown  by  tlie  dots  at 

view  oi'the  beam.  Theoretically,  the  dotted 
meet  at  the  ends  of  the  beam  ;  but  in  prac- 
ot  generally  leave  sufficient  material  at  the  ends  for  the  beam  to 

ly- 

.3  of  beams  are  rarely  made  when  they  are 
iron  ones  much  expense  may  be  saved 

I  THE    LOAD   IS  ALL  AT  OXE   EITD  OF  THE  HOR 
WniLR  TIB  OTHER  END  18  IMMOVABLY  FIXED, 

to  be  at  the  center,  and  calculate  it  by  the 
Then  div  tim  result  by  4. 
e  lower  side  of  the  beam  may  be  cut  away 
jarabola,  as  shown  by  the  dots.  To  draw 
l*arabola."  Or  the  depth  may  be  left  uni- 
es  be  cut  away,  as  shown  by  the  dots  at  t,  which  is  a  top  view. 

i'^hen  the  load  in  eqnallj:  distributed  aloiVT  the 
lenarth  of  a  horizontal  beam, 
t  both  en<is,  as  in  Fig  7,  instead  of  be- 
t  tbo  center,  assume  it  to  be  at  the  center, 
cisely  as  in  the  foregoing  rule.  Art  12. 
load  by  2.  But  in  this  case  the  wt  of  the 
th  of  the  beam  is  to  be  deducted  for  the 

r  be  the  equally  d/striboied  Iweakg  load  of  the  boKm  ot  waiSAVsA 
fe/   Here  the  center  brtakg  load  hu  AiieaAj  '\Meti  fvoAsl  V> ' 


Vj 


m 


Ei^I 


^8^ 
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1  I«ad  ■•nppIleantBu7puliMe>F 

J^  not  attlnecMiter;flnt  liinlbx  Artl 
S  »oulJ  bo  the  ceniorbroiiliHloMd;  wd  dgdl 

XlQlU  dim  no  idd  «ff,lii  rut.    CHl]Ui*iin« 

■^  Biuare  h»ir  Ihe  cl«r  lepgtli.  c  s  oc  c  ■.  j{ 

«qui.«e,    ThfnBiUlllhBmiittr1(i.dbylfe 

tba  prod  bf  a ;  tbs  ^inDt  will  be  tbB  nvtH 

D  lie  TKditcFd.  u  It  m  iiid  «,F>kG;  eirxrt 
l>r,  u  in  tit  &,  ve  iniuil  do  »  tnioi  wbtn  tit 

Art.  IS.  Vhen  IMe  brnMkir  loud  Is  nnpIlMl  at  dllT  *< 
etween  a  aad  g,  flad  lbs  cen  or  gniv  uT  tbn  luid,  and  cnnaldir  tlHl! 


length  »c;  and-., 
aprai«  also^.to  bean 


inaLg  loada  «ltb  ttis  bus  up,  mk 
Hn  ahoat  p<|i>Hlty  itrnng  In  elihi^r  pwltinn  ;  ind  (hat'  ti>  end  thi 

//*'  '7°"  '""  "'"*  """^  *"''^''' ""  ^''"  "'"*^''  ■'  *■"* ""'  '^"'  '  w  'TJ,"'*   ' 

•  •rrrtangnlap  onn,  il  Iiaa  hall  aa  much  nuHortiH.    '  ^_^ 

!lr  AcM^JiuaaV  aicpsrliiiuti       ■    " '  —■ ^— — a— y 


A«grt«ui  _  /jjtuyi,   ,    /  »X  twwo  "  *°\\  i  ](](ioi,  =  ayww+TMiign  _  www' 

—  dS  iq  ins,    SlaDe  tlie  una  Li  36,  imd  Uiadeplh  12,  il  ii  plain  Ibat  Ibabnalth 
bB  ?|  =  7.M  till. 
Ran.    Ibe  mtn  leiuile  itralni  per  m  inch  ckd  he  deduced  fi 

Arl.  S3M.    To  Onil  the  Hare  dlmennloiH  to  be  iclven  t<>« 
taiiKUlKrlieaiu  org'lveii  sptin.  Bnpiiorlod  mt  botb  nniB, 
wblcb  la  Ht  Ills  ■anic  tiiDO  ttaposeil  toB  Iriinsvonie  Btmlni 
to  B  lonicltudliBal  compr^Mlve  one<    TUEb  la  ihe  dobb  dTh 
portJng  pnrlins ;  or  of  tfio  appur  cliurlA  pf  »  bridgo,  wUod  tUcj  inppcpTt  I 
plaL'cd  alorte  H^f^ni  ti'jlwr'un  tUa  wi^b  membun,    B«e  ruotni^tH  p  101. 

tnoiB (DT  prolable  d4«^  fur  Ibn  boua  in Im,  Tbon  Dr^ngfinlinEtba 
u  &  rMlMsnlar  pllUr,  reqd  ro  siatain  sirrily  Iho  cDmnrewlTe  >t«in  ■Im  ,  .„^_ 
IWdeptli  to  bo  iu  Jnni  >idB  1  Knd  flndbylhs  formiiU  for  roclnniriiliir  pillmftl 
]aor''StTeni^thoflranPJ.lBr<,"(ir'>fW"n'el)tcrcMtlr<in:  orbyHr.BaiA 
W  218  of  "  WoodsD  PiLlarti,"  If  ot  wood,)  how  muoh  would  he  i[B  w/i  loif 


from  1^  Iwlug  u  j'l 


Lian.    Haling  ftiuud  C,  then 


_nd  Iha  am  thni  fouod,  when  diT  h;  tlie  sasnmed  deplh,  vitl  e1"  thi 

Ilian  the onmiied  ilepth.  irihiiihould  ho  thBGa«,<Uiiiitciil(.-a  tliatChMl  . 
fUlIDd  cami:tlT ;  because,  if  the  depth  which  mt  merely  asivmai  to  l»  th»)M 
I>  not  aclMlly  Kj,  Che  Ihrmola  (br  pillim  will  give  C  too  greftl  e  vulnn.    la  * 


nlller.BnTttJi  depth  film  ea  Its  lout  «(rle;  findbyBil'  lUof  "StrmiftO 
illlara  ■■  iU  lure  load  In  Bib  per  «,  inch,  thin, 

^'•^7  ith  pireof  thI»fBcoDBiaerertB»IB,-wot>.''aC-  - 
mtvurtUag  to  El»  aba~  '-- —  '-    -      ' 
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fe).(.4'f-))=zv=:— - - 

EubalUK  117.1  uilnil  undtfasitHiitDiiddrplhlliJda;  Iho  t.r<^ih  mmC 

7^~  -  «.IB  IM-    Bnl  «=  Hoo  thai  this  b[»»]lh  i.  feM  lliiD  our  a»un.<Hl 
ISlMl  IhontoTB  w.  have  got  Dor  pillar,  or  C.  10<i  gr«U  ;  .nd  must  recal- 

BMIher  G,  uatng  oja  Itm  u  nn  nnpiYinlmnU  leaal  ilita  uf  thu  ruiitnnguJiir 

i: 

•.    By  lhi>  no»  pm 

^" 

ogoC 

w  * 

(^.^)  -V—;  ■■-  """"■ 

Sthll,   (utotort,)  or  5!p  =  0655[b,  =  th9mwC.   Hence,  by  formula 

i^™=0+('^p|^l)=^+w^-'^'"'^'- 

,'r!?j^';r.t7r^T^i'i:°t',;'t:?'??'o?X'^^^r,'^rjr^^£'. 

■Inr  be»in«  of  while  pine  or  ■prnco.  nne  Inch  broad. 

ipor«7  piir^o™,  H  lis"  niBj  1fl  juWad  to  Iho  loud,  in  tho  table,  Ihul 
Inm  muEiL  in  th»  t^Tirf  ""'  tiff^lg  luiid.    BM  in  iraportant  .Imnhirca.  >ub- 

■rtl«»ta,fl-d«tUlli.wt<rftheb«mi«olf.   B«Kule,ArtW,pm,  Th. 

PTIET^ 

ivtx  i  ft. 

lBl«n8ft 

lp«d  lih 

ipaiiUrtj 

lp.=  Ulft 

BTTHf 
brim. 

•d  der 

ondi  dot 

lo«.  1  def 

s.    Iiu. 

Ibj 

lo>. 

Ini 

lb,. 

IKB 

B... 

is 

T     .DJ 

c 

Ji 

\3 

.BO 

.84 

6' 

« 

1-T 

g 

MB  M 

•a 

M 

«S  M 

460 

S3: 

!l8 

•11 

.13 

as 

!«g 

U     M 

ai 

.27 

90! 

ivi 

lOB 

«n 

!ie 

760 

ezs 

.U 

135 

.» 

»"7 

:« 

167 

.ss 

m\  M 

IWM 

low 

.20 

OH 

.BB 

671 

m\  M 

M 

.m 

.«» 

ino 

32 

JmI  .B 

■M7 

!m 

J« 

.08 

.19 

il4G 

>nl ». 

aog   ,M 

m\sa 

ioa 

eoo 

MS 

iTOot  .28 

11>«U..M..««PM^, 

r,(HM*l»uimh'Birirn  IMm  aim  •il]i  iiUtI]  of  1,  ininnilUie  ^oM.   ^aimwM.ta- 

mij^«^..-r..,r..'?s::iJ.^';';^5^'°'-''""'^'^^ 
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atii  I  3T 


th^m  Id  ^u(  the  tki''*^ ' 
IHHCllna  baildinn  -•—— 


neap^ially 


itdaulldoabls,  ■«  Idrii^ll 

— molt  lbs  laiHlB  io'tlie  UblnLiy  M;  uid  rorwrsMl 

■A    Fur  lUwiHw  kMda,  mult  Uisdeft  bj  .1  (or out;  uiil  1^  .Srw  KniilD 

It  T«iiu>*Bi«(no.iu.i»ii™iBiiiiDinBrihecniir«cJ«u-|niglli,<iripiiB,liS 

^■w*  «  srwl  u  the  ernKreiis.    Wheu  iiu>re  Bccnnurj  Ti  nqd,  hi<ir  Iks  w«  <l 

K|Ul01<r  dlitrlbuIiHl  iHul.  Tli«  wt  of  tha  bmin,  In  Ih<<  fixl  coh.mii.  >upp<M  Iha 
Vt  in  but  inud.>nii.lj  iPHiiued,  nnii  Uiarotore  ti>  weigh  JS.S  lbs  per  cub  ft. 

BXtHTLHor  Titi  I'll  or  TH>nuaoiHoTuij:  —  [:i.l.  What  nnutbathibn 
Ot  ■  liar  rscl  Ihuub  ur  wli  iriog,  IB  liu  daeji,  mpported  •(  liutli  eDih,  uid  ul » II 
iNiKth  tMtwHD in nnppcinm IQ  beir islMy s )l»d d( G tau,  arliatW h< u tUHi 
Uir*,ai>iHi>ltiihad>>|iihuI13iuilathoDible,udlB  tbucQlumnefaihMM 
«•  nn4  llwt  >  b«UD  I  iDch  tblck  irill  bear  IZia  In ;  coiwiiiiwdII;.  I'H  .  U 
tl>*  re«l  lirmilhi  Iot  IIi«  itnoKlli  !•  in  the  luine  propoRioa  a>  lb«  breadth. 

Kl.  I.  WUikl  ulllbflLiI  ndtilaulUlliiimilurDrilJulBtur  xhJIr  pliiF.  U  ft 
t  ln>  liMMl,  una  LJJniaugpT  Ili<rt,ln1liu^'»jrorlSft,sitdnp|Hiilte  niwftM 
Mnlliiil  lluMur.' I,>i>il  [^r  u  bnudlh  uC  1  Insli  to  beeoORw;  i;nnieqBeiitl;,eW}C 

UfM.  i\hi  iu[hL  cxiiUun  iti^iit  bp  used  ^]Lb  recant  tn  GhLs  tfible.    {"or  1 

HTl  orulhlBi  (Dm  of  ^  =7  303;  Dn.  Now,  stdlnnry  liiBbcn  cnata  uni 
per  iq  Inch :  Ihererore,  ir  lb<i  iHnni.  only  1  Inch  thick,  nttnl  bM  ant  Iiku  n 
•ilp|><irt,lti  biuaiit  luichcBil  v'liuld  bebuti>tieiiqinclilniutiii;  counqnentljr.m 
nneftiuM)' uf  butaftgntiial  cmiUni;  vlth n eatety  of  B a^^nK  bniiUWBi 
flenlor  BBiliT  lulnail.  TDmnlioUiiaiMs  n^nitcriuhlnist  lbei>iub,ulllia| 
liriMkf  iinilrr  111  center  load,  itmnatrest  ■tlaistSlniiitHcheitdifiHiitiMp'^^ 
dm  undwiiuldlliilllLDn  cnwh  under  Icsa  than  ISOOaibLarfl  tlnw  whilll) 
■niUill,  Tu  UHire  u  Hhty  ot  a  Hgainsl  criubing  ttl  tte  aadi.  HkeretULt 
Wholii  lew)  1).  S,  la  B4t  »hB.I  la  gupparCed  nt  euch  end.  Then  diT  Ml  MT.lF 
loai,  ilm  niiBl  H-lllbo  t)igleiHCuumtH!rorBqlnaanH»tfaM  •boQld  IwMMa 
•Mir/l  >'i'f  ra  ivnt  un.    There  In,  hoveter,  vecj  WnV)  fciilublllly  of  a  bevi  teUf 
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.6  term  Jn  its  utmost  strictness ;  otherwise  the  load  would  haTe  to  ba 
aere  knife-edge,  at  the  vety  center  of  the  beam.  Now,  in  the  instance 
attempted  to  sustain  the  center  load  of  6U76  fi>8  upon  such  a  knifo- 
.t  once  cut  the  beam  in  two.  If  we  even  applied  it  along  one  inch  of 
breadth  of  the  top  of  the  beam,  it  would  probably  cut  into  the  wood; 
lot  be  sufficiently  safe  unless  we  applied  it  along  at  least  6  ins  of  the 
ring  it  a  base  of  tf  sq  inches  (the  beam  being  but  1  inch  thick)  to  rest 
prevent  it  from  crushing  into  the  top  of  the  beam ;  as  we  before  gave 
two  ends,  to  prevent  crushing  at  those  points.  If  the  load  w«re 
ited  along  the  whole  beam,  it  might  safely  be  twice  as  great  as  when 
n  which  case  it  would  require  the  area  of  base  at  the  ends  to  be  dou- 
1  require  no  precaution  whatever  against  crushing  the  top  of  the 
lid  then  be  applied  along  its  entire  48  inches  of  length.  These  are 
lerations  which  the  student  must  bear  in  mind  in  using  such  tables. 

trenipth    of  hollow 
Beains. 

preliminary  investigations 
construction  of  the  Menai 
,  a  few  experiments  were 
;rength  of  hollow  cast-iron 
3tr,  oval,  square,  and  rectan- 
tions,  supported  at  both 
d  at  the  center.  The  clear 
the  supports  was  in  every 
iiickness  of  metal  in  each 
area  of  solid  cross-section 

ins.  The  mean  depth  o  o,  Fig  12,  of  the  circular  tube,  8^  ins ;  of 
,  Fig  13,  t%\  of  the  oval,  4^ ;  breadth,  2%\  and  of  the  rectangular 
1,  Z%\  breadth,  1.833  ins.  From  these  experiments  Mr. Edwin  Clark, 
eer  in  charge,  deduced  the  following  constants,  and  rules  for  center 

circular  tubes,  .95  ;  oval,  1 ;  square,  1.14;  rectangle,  .91.    Then,  first 
t  of  the  solid  part  of  the  cross-section  in  sq  ins, 

Area  of  solid  w  Mean  depth,  o  o^  ^  Corresponding 

breaklner  „      in  sq  ins      ^  in  ins ^       constant. 

in  tons  ^j^^j.  ^^^^  -^  ^^^^ 

r  beam,  mean  depth  o  o,  Z"^  ins ;  area  of  solid  ring,  4.12  iq  ins ;  dear 

re. 

Mean  depth.  Const. 

X     36      X       ?5_=  2.28  tons,  or  6107  lbs,  breakg  load. 


Fijl^ 


6  (length.) 

IS  of  the  cylinder  or  tube  is  about  ^  of  the  diam ;  and  as  a  mean 

roke  with  a  center  load  of  2.287  tons,  or  5122  lbs ;  span  6  ft.  Hence 
milar  tubes,  the  constant  475,  to  be  used  in  the  rule.  Art  12;  that  is, 
load  in  lbs  of  cast-iron  tubes  with  a  thickness  of  JL  of  the  outer 

(in  ins)  X  475  ,      „    n,    ,  .   i        *     i         v.         # 

5 : — - — - — ;  supposing  Mr.  Clark's  iron  to  have  beeu  of  average 

span  in  leec 

» 

breakg  load  of  3  square  beams  was  2.152  tons,  or  4820  lbs ;  of  the  rec* 

2.3  tons,  or  5152  lbs  ;  and  of  the  6  elliptic  ones,  3.207  tons,  or  7183  lbs. 

;oing  extraneous  loads  must  be  added  half  the  wt  of  the  beam  itself. 

>. 

lurab,  on  p  187,  agrees  sufficiently  well  with  all  Mr.  Clark's  results, 

oval  beams,  in  which  said  rule  gives  a  breakg  load  of  but  %  that 

a. 

«anis  of  tbin  wroni^ht  iron  were  experimented  on  at  the 
I  for  these  Mr.  Clark  deduced  the  following  constants,  to  be  used  with 
lie  for  cast-iron  ones  : 

)r  thiu  riveted  tubes,  circular,  1.74 ;  oval,  1.85 ;  rectangular,  1.96. 
"        welded  tubes,         "         1.09;      "     1.27;  "  1.61. 

he  following  experiments  on  riveted  AtkeelAvfii^  ^:9\VtiAtV* 

are  by  Fairbairn.    Ist.  Cylinder  18  ft  Votv^^-,\  it  ow\«t  ^vwa.\0«»x 
mem  ofiroD  .037^  or  JL  of  an  Incli*,  vt  ot  tu\>e\Q'i  \V**. 

18 
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C«Btar  load. 
Lbi. 

1360 

Def. 

IM. 

^2 

1920 

41 

2114 

.46 

2266  

.60 

Center  load. 
Lbi. 


2868 
2480 
2692 
2704 


After  bearing  2704  lbs.  for  1^  minutes,  failed  by  crushing  at  top. 
2d.  Gyl  16  ft  10  ins  long ;  12.4  ins  outer  diam;  clear  span  15  ft  7>^ins; 
iron  .11^  or  full  1  inch ;  wt  of  tube  892  lbs. 

Center  load. 
Lbi. 


Center  load. 
Lbfl. 

2000 

Def. 
Ins. 

17 

4000 

.34 

6000  

52 

8000 
10000 
11440 


With  11440  broke  by  the  tearing  of  the  bottom  across  the  shackle-hol 
the  load  was  suspended. 

3d.  Cyl  25  ft  lung ;  17.68  ins  outer  diam ;  clear  span  23  ft  5  ins;  thick 
full  ^^  inch;  weight  of  tube  346  lbs. 


Center  load. 

LIM. 


Def. 
Ins. 


Center  load. 
Lbs. 


1000 12  6000 

2000 21  6280 

8000 30  6840 

4000 .40  6120 

With  6400  broke  at  bottom ;  25  ins  from  center,  by  tearing  through  tl 
4th.  Cyl  25  it  long;  18.18  ins  outer  diam ;  clear  span  23  ft  6  ins;  thic 
scant  ^  inch ;  wt  of  tube  777  lbs. 

Center  load. 
Lbs. 


Center  load. 
Lba. 

2000  

Def. 
Ins. 

16 

4000  

.30 

6000  

43 

8000 

59 

10000 
llOOO 
13000 
14240 


Center  load. 
Lba. 

2000 

Def. 
Ins. 

05 

4000  

20 

6000 

36 

Broke  through  the  rivet-holes  3  ft  3  ins  from  center,  after  sustaininf 
half  a  min. 

5th.  Cyl  32^  ft  long :  24.2  ins  outer  diam ;  clear  span  31  ft  3  ins ;  thioli 
scant  JL  inch  ;  wt  of  tube  1005  lbs. 

Center  load. 
Lbs. 

8000  

10000  

10900 Br 

r 

The  tubes  were  composed  of  sheets  about  2^^  ft  wide 
that  a  single  sheet  sufficed  to  form  the  entire  circumf 
They  were  united  by  double-riveted  lap-joints,  Fig.  32 
were  placed  on  a  platform,  supported  by  a  rod  r,  Fi 
passed  through  a  hole  h  in  th^  bottom  of  the  tube  s.    ' 
attached  at  its  upper  end  to  a  block  of  wood  w,  po 
lower  surface,  so  as  to  fit  the  tube. 
Vkjit  I  Vh  ^       Circular  blocks  of  wood  were  fitted  into  the  ends  of 
JJlP  l^"r  '••        prevent  them  from  crushing  at  those  parts  under  thei 
®  the  ends  rested  upon  blocks  hollowed  out  to  correspor 

cylindrical  shape,  to  a  depth  equal  to  alK)ut  *^  part  of 
Rem.  The  writer  nnderstands  Prof.  Moseley  to  say 
lowing  rule  is  applicable  to  solid  beams  of  any  form  of  cross-seotion  wl 
it  certainly  docs  not  agree  with  experiment  in  all  cases. 

From  the  load  so  found,  one-half  the  wt  of  the  beam  itself  must  be  < 
the  whole  of  it,  if  the  load  is  equally  distributed. 

Moment  of  inertia  of  the  oross-aeotion 

of  tbe  beam,  with  respeot  to  a  neutral  ^  Constant  for  mptvra  o 

mxta  0  O,  passing  hor  through  \u  een  '^         of  whioh  the  bean 

OeaterBntmkg  __    ofgnv  O. ^ ^ 

^o»d,JaIb»,     —  0,,t  p^  f^.om  neutral  ax\»\  UtxA  M.        CAwxwMa^ 

right  angleii  to  It)  to  the  ftV>T«  a*  vha  X  \iMAtVik\U 
farthest  one  flrom  the  axU,  in  \m. 
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according  to  the  arraogement  of  the 


either  1,  H,  K,  H  or  X 
d,  as  referred  to  in  Art  11. 

T  FOB  RUPTURK," 

»f  Raukine.is  18 
aiits  for  center 
iren  p  185,  with 
I  he  states,  that 
istriroH  beams  it 
e  constant  in  p 
9  times,  the  wri- 
low ;  nor  where 
between  solid 
commeuces. 

ion   of  the 

axis  GO,  may 
ng  out  a  correct 
long,  of  tlie  sec- 
ick  paper  or  tin, 
over  u  straight 
at  wliich  it  bal- 
eu  tliis  has  been 
1,  in  ins,  to  the  farthest  fibre,  (which  may  be  either  above  or  below 

0  the  sliape  of  the  Fig,)  can  be  measured  in  ins. 

OP  Inertia  "  of  the  cross- section,  with  respect,  to  the  neutral  axis  G  O, 
'liich  results  from  addiug  together  the  prods  found  by  mnlt  together 
lali  area  of  each  fibre,  a^  ?/,  of  the  section,  by  the  square  of  its  dist 

right  angles  to  0  G.  Such  multiplication  cannot  be  performed  by 
.'tic,  but  an  approximation,  sufficiently  close  for  all  practical  pur- 
ly  be  m-.ide  thus :  Both  above  and  below  Q  G,  and  parnllel  to  it, 
m,  &c,  dividing  the  section  into  narrow  strips.  If  these  lines  are 
subsequeut  calculations  will  in  some  cases  be  easier;  but  otherwise 

whether  they  are  so  or  not.  If  they  are  diuwu  no  closer  together, 
)  t/ie  size  of  the  figure,  than  in  Fig  14^  the  approximation  will  be 
'  practical  purposes.  The  closer  they  are  the  more  accurate  will  be 
lowever  close  they  may  be,  it  will  always  be  a  triJU  trto  gniall.  Begin 
-ea  in  sq  ins,  of  th j  first  strip  xxjk^  below  G  G.    Mult  this  area  by 

dist,  Or,  to  the  center  of  the  strip,  in  ins.  Then  pro<:eed  to  the  next 
d  its  area ;  and.mu)t  it  by  the  square  of  the  dist  o  .f  to  its  center.  Do 
tach  strip.  Add  all  the  prods  together,  and  if  the  section  has  tho 
,  and  position  abovu  G  G  as  below  it,  (as  would  be  the  case  with  a 
},  or  circle,)  mult  their  sum  by  2.  Tlie  prod  will  be  the  reqd  moment. 
;  14^,  the  section  above  G  G  differs  from  the  portion  below  it,  we 
into  strips,  and  proceed  as  with  the  lower  part.    The  sum  of  a^  the 

1  sides  of  the  neutral  axis  w^ill  then  be  tho  moment.  We  add  modes 
ilculation,  the  moments  of  inertia  of  a  few  well-known  figures.  The 

each  separate  fibre,  as  y,  for  instance,  of  the  cross-section,  opposes 
a  load  within  the  limiU  of  elasticity^  is  in  proportion  to  its  distance 
right  angles  to  the  hor  line  G  G  passing  across  the  section,  and 
3r  of  gravity  0.  Having  first  found  the  moment  of  inertia  for  a  fig 
hat  of  another  precisely  similar,  whether  larger  or  smaller,  may  be 
It  tojxether  the  breadth,  and  the  cube  of  the  dt^pth,  of  the  one  foand. 
1,  and  tube  of  the  depth,  of  the  one  to  be  found.  Then  as  these  two 
>ue  another,  so  are  the  respective  moments. 

Moment  of  inertia 

a  hor  axis  through  the  center  of  gravity  of  tho  cross-section. 
1  saiiare.l  ^^®  square  of  the  square 


'•I 


her  a  side  or 
aal  vertical 

Id  rectanfcle,  \ 

\  sides  vortical,      J 


w  mquBre, 

er  a  aide  or 
Bi  rertictd, 


re,) 


of  one  side 
i2 

Breadth  X  Cube  of  depth 

12 

The  Bquare  ot      tVi*  w:^«c^  cJl 
the  aquare  ol  —  \.\v*  *<;^MW<i  cX. 
'  an  outer  side       <Mi\T>>^«t  i\ftft 
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The  outer  breadCh        The  inaer  1 

▲  hollow  rectanvle,)  molt  by  the  cube  —  molt  Iqr  thai 

auy  2  Bides  vertical,        j  of  the  outer  depth        of  the  uin»  (' 

A  solid  circle, » Square  of  square  of  rad  X  •785L 

^  "i'plo'^raJSr*-} 8,  Of  K  «r»*  xat 

The  diflt  of  the  center  of  gravity  of  a  lemicircle,  fh)m  the  centre  of  the  didi^l 
rad 

A  hollow  circle^ ) /8q  of  sq  of  __  Bq  of  eq  of\  ^ --i  ^ 

approximately,       /  V  outer  rad  inner  rad  /  A  w^. 

A  solid  trianirle,  ) Baee  X  cube  of  perp  hel^t 

calliug  any  side  the  base,/ gg 

The  formula  for  this  last  is,  if  we  mistake  not,  given  4  times  too  great  by  H 
in  at  least  two  places. 

Ex.    What  is  the  center  breakg  load  of  a  solid  cast-iron  beam  4  ins  square, 

ft,  or  72  ins,  clear  span,  supported  at  both  ends? 

4a  X  4^         16  X  16  266 

Here  the  moment  of  inertia  is  — r^ —   =  -■- —    =  ——  =s  21.833.    Ibt 

1^  IZ  ].« 

st«nt  for  rupture,  or  18  times  our  constant  for  cast  iron  on  p  185    is  9086  X 

S64d0.    Since  the  beam  is  supported  at  both  ends,  and  loaded  at  the  middle,  ai, 

Art  11)  is  ^.  The  dist  off  of  the  farthest  fibre  from  the  neutral  axis  must  in  a  M, 

l»e  equal  to  ^  of  one  side ;  consequently  it  is  here  2  ins.    The  clear  span  is  7i 

Ueuce, 

Breaks  _      Mom  of  Tn  X  Con  for  Rup      _  ji.gss  X  88480   _  777688_  -,-^  _    _.-. 

By  our  table,  p  191   a  Iteam  of  average  cast  iron,  4  ins  deep,  1  inch  broad,  and  A 
span,  breaks  with  2.41  tons ;  consequently,  four  such,  or  one  4  Ins  square,  would  ~ 
with  2.41  X  4  =  9.64  tons ;  thus  confirmiug  the  accuracy  of  the  foregoing.   A 
in  the  same  way  to  solid  cylinders,  the  result  corresponds  equally  weU  irii 
]>eriment  and  with  our  table  on  p  207.  But  with  respect  to  Mr.  Ciark  a  hiMow  •_ 
and  cylinders,  p  193,  we  ftud  that  this  method  gives  breakg  loads  about  60  per 
greater  than  his  actual  ones;  and  with  regai^  to  the  beam  I,  in  p  210;  it 
breakg  load  of  about  401^^  tons,  or  about  20  per  ct  less  than  the  actual  ones 
f>4  tons.    If  it  were  correct^,  a  Hodgkinson  beam  should  be  equally  strong  whi 
the  large  or  the  small  flange  were  uppermost  * 

Art.  20.  neflections,  or  bendinips  of  beams*  under  tiiclr: 
loads.  The  foregoing  relates  to  the  strength  of  beams,  or  their  resistanoi  ^ 
hrenlcg ;  the  following  to  their  stiffness^  or  resistance  to  bendg.    The  two  follow  ~ 

diff  IstWB 

It  is  with  the  defs  within  the.  elastic  limit  that  the  engineer  is  chiefly  inters 
When  the  load  axceeds  that  limit,  the  beam  may  be  said  to  begin  to  break.  Wl 
that  limit. 

If  the  deflection  of  a  beam  supported  at  both  ends  and  loaded 

at  the  center  be  called   1. 

Then  that  of  the  same  beam,  with  the  same  load  uniformly 

distributed,  will  be.- 626,0f 

mrmly  Jlxed  at  both  ends,  and  loaded  at  the  center,  by  Moeeley        .2,    or 
«♦  "  "        "       «•    uniformly  loaded 126,or 

Other  writers  make  these  last  two  defs  much  greater,  or  about  .66,  and  .417. 

Fixed  at  one  end,  and  loaded  at  the  other ^ 

«  "  "        uniformly  loaded... 1* 

Partially  fixed  at  one  end,  and  loaded  at  the  other,  by  the 

writer's  experiments  with  various  woods,  about 24. 

The  piecrs  were  «  feet  long,  and  1  inch  square.     Unsupported  lengthy  6  ft.   Tis 
loads,  oxdusive  of  the  weights  of  the  beams,  (which  he  did  not  take  into  con—- 

*  rt  ft  poiialhle  thmt  we  hnvf  mlRUDdcrittood  Mr.  Moneley  :  indeed,  in  view  »['*>•  •**«"*-l2li£2 

preiimtnff  themnelvM.  and  the  InnumeraWe  tTP«Kr»ph\<Mi\«TTOTR^\vV*Xi\^k«»«JrIjarMO  Wjjgg 

/c*  abound,  ft  lit  mlmnnt  tmpn»iHb\B  for  a  merely  pnusi\c*i\  mwi  ^  »ft^Ty  WMwW  way y^»g^' 

*^vf*it,f,  in  the  leatHan  authore  en  meohaaiet  and  ens\iic«T\tk«.    t*  •A^^ttty  yft  ij^ T^_^S^ 

^fnrtufnpted  to  the  oita  of  praetienl  men.  U  »beeT  i>w\nd\\ti5.  _Vii  ^%  wtwara  S|Wi  iS  ■ 

VA7/M  CMo  fumtah  gmtiarmctorj  practical  roloa  on  UiU  aad  WaAwA  «wi|mm. 
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10  Its.    The  fixed  end  of  the  beam  merely  retted  afodnst  the  two  pieces  a 
hich  were  1  inch  apart  vert,    M't  of  beams  1  to  l^  Ibt.    The  term  ^  fixed," 
Mi  to  the  ends  of  beamii,  is  very  in* 
and  theoretical  fixing  can  rarely  be 
iB  practice. 

cteiit  to  which  a  beam  may  bend 
ren  a  perfectly  safe  load,  may  be 
it  for  many  purposes  in  eTery- 
:tice.  Tre<lgold  and  others  as- 
lat  13  order  not  to  be  obsenred, 
it  may  not  cause  the  plaster  of  ceilings  to  crack,  Ac,  a  beam  should  not 
it  its  center  nkore  thap  thei  ^ ^^h  part  of  its  span,  or  ^th.of  an  inch  per 
I,  if  its  span  be  20  ft,  it  should  not  bend  more  than  JJths,  or  >^  of  an  inch, 
also  rfffth  of  20  ft. 

lafts  of  wheels  in  machinery  should  not  deflect  more  than  half  of  this,  nor  a 
lore  than  about  }4  of  It,  or  say  j^^^  of  its  span,  or  y  J^  inch  per  foot,  under 
est  load. 

all  allude  first  to  defis  within  the  limits  of  safety,  or  of  the  elasticity  of  the 
ad  afterward  of  those  not  exceeding  ^^  of  the  siurn.  After  the  elastic 
mssed,  the  defs  Increaso  irregularly,  and  more  rapidly  than  beforo ;  and  the 
oomes  nnaafe.  As  a  general  rule,  the  elasticity  of  a  wuodeu  beam  is  not 
br  practical  purposes,  if  the  quiescent  load  does  not  exe^i  about  l^  of  the 
;  one.  Within  the  elastic  limits,  the  defs  theoretically  vary  dirtetly  in  pro- 
to  the  loadf  and  also  to  the  cube,  of  the  span,  or  clear  Iciigth;  and  invtrtdjf 
rtion  to  the  breadth,  and  to  the  cube  of  the  depth.    That  is, 

]>efleeclnti  within   J     ia  In  proportion  to     (     ^'***  ^  "^  **^  'P** 
elmstiollnilU     J         (not  equal  to)        J  bre«ith  X  cube  of  depth. 

'ore,  constants  or  coefs  for  the  bendings  of  beams  of  diff  shapes  and  mate- 
hin  the  limit  of  elasticity,  may.  like  those  of  transverse  strength,  (see  Artu,) 
ly  found  by  experiment.  Thus,  at  the  center  of  any  rectangular  beam, 
or  upon  supports  at  each  end,  place  any  load  that  is  within  its  elastic  limit, 
sure  the  resulting  def  in  ius.  Mult  the  wt  of  the  span  of  the  beam  by 
I  the  prod  to  the  neat  load,  for  a  total  load.  Mult  together  the  total  load 
,d  the  cube,  of  the  span  in  feet.  Also  mult' together  the  breadth  in  ins,  and 
of  the  depth  in  ins.  DiT  the  first  prod  by  the  last  one.  Div  the  def  by  the 
he  last  quot  will  lie  the  reqd  constant  for  any  rectangular  beam  of  the  same 
I  quality  of  material,  whether  wood,  metal,  stone,  Ac.    That  is, 

The  oonsUnt  fof)  rTotalload    ^   Cubeor»psn 

def  witbin       I    _  Def  ia  ins  J     In  lbs        ^        In  feet 

M^2VLi*™    I  ^''"«*»»^    I  Bfiadth  ^   Cnbe  of  de^ 

Hmlu  of  beam.  J  L  j„ ,,,     X  ,„  ,„,  ^ 

1  to  the  experimental  neat  load,  the  .625,  or  %  of  the  wt  of  the  clear  span 
Mun  itself,  because  the  wt  of  the  beam  equally  distributed  throughout  its 
o  aids  in  producing  the  def;  and  it  does  so  to  the  same  extent  that  ^  of  it 
),  if  collected  at  the  center  of  an  imaginary  beam  having  the  same  strength 
ant  as  the  real  one.  but  of  no  wt  except  at  its  very  center.  'J'herefore,  in 
;  the  constants  for  def  to  beams  intended  for  actual  use,  we  must  not  omit 
9  of  the  wt  of  the  spon,  to  the  intended  center  load,  for  an  equivalent  total 
lad,  before  making  the  calculations  for  def.  The  weights  of  similar  beams 
beams  proportioned  exactly  alike  in  every  part,  but  of  difT  sizes)  increase  so 
ore  rapidly  than  their  dear  spans,  that  although  a  small  one  may  safely  bear 
r  many  times  its  own  wt,  a  much  larger  one  will  break  down  witliout  any 
laving  by  experiment  found  the  constant  of  def  for  any  given  material,  the 
ly  similar  )>eain  of  the  same  material,  whether  larger  or  smaller,  and  loaded 
mter,  may  be  fouud  thus : 

Def  Total  eqairalwit     ^  OnbeofspM  ^  Conatank 

witbin  safe  .„      eentwr  lead  in  lbs    -^        in  feet         ^  vu— i— 

or  elastie  ~                         Bresdth  ^   Cube  of  depth 

limit  in  ins  In  ins     ^          in  ins. 

Ilailt  of  elfuitlelty  of  a  b«miii  of  any  partlenlar  fomi, 
ilf»rial«  is  determined  by  experiment  with  a  similar  beam^aa  IuU^acwm 
aats  Ibr  breakg  loads.  Ac.    Thus,  load  a  beam  at  i\ie  c«uleT,\^^  W\«  ca.x«\v\ 
mtUtiom  of  MmmJI  eqinl  loads ;  caraftiUy  note  down  the  det  lYvat  Xs!kL«A  \k\MM 
wsst/jis  (the  more  the  better)  after  eaoh  load  has  been  %\»^\^-,Vtv  wc^wcx 
wbea  the  df(A  begin  to  increase  more  rapidly  t^n  tbe  \oiida\  tox  -wYvevw  Vi 
i^tteioMfihrclsftloitoiit  has  been  reachftd.    ft««lL«inaa^ta,^^*^«>^^ 


__ „  it«r  load  Ihnt  ■  |[lv*ii  <tHtB>> 

mrml  nt  botb  enda,  cam  mmMIii  wllboBt  esceeaHar  lU  i 

^"-"-  H.r». 

^b  GrHimC  CCDtsr  load     Br«dlb  ^  Squnn  nr  depth  „  CDHIiiiit  « 

^B  vitblu>las  llmitot'-    Inim    '^  inlnl  ^     pngn  IM. 

mXdiyHuilEte  >licDeBliv«  louda.  FafitttBtfbacwrtHat^ibtAenLtm 
■qud  Icudi,  Dqlll  Iha  ilattla  llnlc  ii  itiiiHihI,  jtt  In  pracCio-  thiji  un  aUfi 
•qui,  up  to  Ihnt  pulnl  Tliiilaowlne  tollnfictllntnaiuIerUtconpnilil 
ii  jurBwHj  milfonn  Ihniuchoirl  tn  teiiun- niid  alnngth ;  u  thU  ImleidiFf 
flqiuUty  of  dL>fB,w«  ■liHll  hHvBB.n  HLlcmatiDn  of  larger  Hiid  amalltr  anH.  ni~^" 
■oin«  JiHiKineut  la  Teqd  in  delitrmlnq  Llw  flDal  polar ;  in  dulo^  which,  LC  li  bi 


Titble  or  cunsrsBln  (tor  l\ 
jIwUC  IflDlW.  at  hor  n-cUi>gi 
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■Bin  (tor  the  delleffUaiis.  wlIMn  (llB  Bitre,  Br 


hll  iind  relilbis  >i 


ila'iutng^'iSii^Si^Siiai  gf  tb«  tuIoiu 


braik^  LdiuLi  fur  montl 

^jOf  lhebfaUt,L«Ml 

Iks  lallDHing  Bra  deduirs 


B.FIBI;    OOOOHI 


^DO 


8TBBKSTH  OF   MATERIALS. 


Rill.  a.  IVtaeii  tke  naat  lostf  IB  eonBlly  dIatrlbaMd  Nta 
UlO  BpHn.  inalDsdur  all  lirlnKiI  Iha  cenl^r.  ihen  fur  iili  e(|lilntl>iil'Mlll'IH 
lewd,  >jrj  uigi^Ilier  tbF  iimt  lail,  niid  ilia  etilire  wl  ul  lh«  clur  ipnn  »r  I 
nult  [lio  BUid  br  tilt  dc<c  .616.  Wilh  llie  reiulUug  ei[ulvaltnt  CEUHt  la 
t>reol*ely  u  it  tli«  furo^iu^  exnioplu- 

Bx.     The  dsF  oT  tba  fiir^Dlnv  bum  of  whILe  plofl,  0  ins  hrond.  1B  Id 
hatipkii.  w«lKlilDg4AnBi«,iiuil1iei>rliig  Hn  rquitlly  dlBtclUuUKl  li>Bdcri»B.n 

BBnlflnt45U+  l!lB.7fi^lSlt8.7D.     Anil  IHliOJS  X -OlS  ^  lOU^  b  >- Dftllnt 


IUh.  3.    with  ID  equallj'  dlMrlbuMd  land,  iQcludlne  Iha  wi  gl 

InFiit'll.iuwIhe'h'urdistay.  dgiuluf  tbsscti^Bpui^tic.      ' 

Ark  S8.  Ribt  I.  To  and  Ihe  n«B*  cenlrr  load  whlek  wlHi 
Mther  wllta  lAe  wtufUi*  benin  lUwIf)  prod  ace  any  icIvvbI 
WlOiln  tkeelnMla  limit  of  tiati  bnuni  Eud  Oie  oiibs  □(  th*  slwlH 

1  in  ioi,  by  tho  cube  or  tha  duplh  in  illl,    Dl'  tbs  Ursl  prod  fay  It 
1  gtym  def  Id  ini,  hj  the  guol,  foi  tho  lotnl  mqi!  loud  In  1b«.    Mull 

-•r  lingth  of  Ihs  Uam  in  Ibt  b;  .6M,  uid  deduce  the  prod  from  lh>  I 

,  for  till  naU  load.    B;  lunuiila, 

_  .  , ,     .  Cuba  ol  Irnglli  ^  GoniUnt 

mofUaio        ■" '■"  Broadlh  ^  Cuba  ul  depld 

cei^r  iDid  In  Itu  will  (togetlieT  with  thi^  wt  of  Cli<-  bpim  iUilfll 


Irt'theneBtlOL _,. 

Ml^  ftn;  K  tbBt  tlio  neat  load  [i  1600  -  281,26  =  1218.76  Bia,  m  lu  K*  1.  il 

If  the  laid  li  n  Hi  form  1 7  dlstrlbated,  use  praciaslj  the  eum 
tlBtthelotiJIwd.  Then  mult  thii  loud  b)  I.e.  DodHci  Iha  mlVrc  ir 
leoglh  of  beam. 


Kuu  2.   The  Ivnnrtb.  drpih,  neat  center  land,  nod  del  t 
riven,  Ut  Hnd  Itae  brenotta. 

SeltcenlDid       Cube  of  longlh  ^  Conltant         Br,»jn, 


>•  nefleetlUB  not  la  exceed  ^  •[  u  Inch  for  muA  Mmt 

•l«nKlh,fiT^p>rlorUiBcl«rMneth.  To  obtain  cocilnut)  for  iHch 
t  v^bUr  of  au]'  bur  rr-ctuieultir  iHKin  Bupportei)  ut  eiu^U  end,  jfUcfl  JUIJ 
■  •Pllnlj  w[tbii]  Itft  elMllc  llmLt    AIau,  measure  the  duTiu  Improdaced 


jV,  iha  dor  luiuit  tioteneed,  ^.  ^,  «d,  of  td  Lncli  per  lbr.1,  than  .nb- 

ii,rurllieWcitl!iefonaul.. 

Tcoiistiintm  «r  ooeHlelPnU 

»1  ap Ml.  of  hnrlinnlitl  rert 

b  ends,  and  loaded  at  Iheo 


vurage  Wr^JDcht  troQ JXWM 

acllf  mT  Incb  PbiED[i  brain.  A.  Ftg  IT....  AHH 

"    bniviaiii           "       »      B,  nglTi"  MIM 
"    *IJ<lti..  mo     •■       "     Mt» 


)rlb"'jiTlh'pilli8rn(;./i.,ni6n.ii°''n  li^nij  f    « 

lo  >I-Iv  "liLiI  pntUKliialljhiiie  been  mlmn.io    nvi 

ta  )K  «i>l(">Iiiwl'l>y  tbBTnnitiiDt  ^riivd  tVoni  (M      '^ 
il.    This  miiHrk  »PS^  <°  ■!■  cuniliuitB  fBvoLviDg, 
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ME  IIh  naiti  lojid.    To  du  thli,  hdLI  Iha  «t  uf  The  apali  dT  Itie  bt 
aut  fhH  prod  fntm  Hw  ftppnix  liMd  Jwti  funprt. 

Kuf!  i.    lf"tl«  l«d  E>  MBllbrMt7  dlMlrlbatMll  uae 


■nlpr  lond.  lenetb.  iinti  dotttli  belnKi 


'i! 


Rdli  a.  The  nrnt  penlpr  lond.  lenetb.  and  dotttli 
to  Hnd  tli«  brewdlh,  aneb  tbwt  like  beRm  ■hnl 
mamtB  a>n  f}i,»t  ttm ■pan. 

BquuT  or  lenglh  ^  N«it  cpnWr  low!  V 

md  tenenllj-  our  enough  Cor  pmctke. 

Tb...,.-     c.,.,.«d  :  SiK  ::  ■ 

Add  Ii^lher  Ihcss  Iwo  bnudlhi  Air  Iba  reqd  b 
MlHIwanMll.    Sn  RhIh  &  Art  »l. 
iriha  lind  li  nnirortnly  distributed,  i 


.BBS  of  .ha  llnil  ^15  ofth»  weight    _     _  „„^ 

uuifo™l«a    ■    hr»lA    ■-       '^'^,';'i^*ir       ■     U««h 

Me  imiill,    )j»  Remurk  mDit  Rule's.  Art  'U. 

Rvu  a  The  neiil  emlcF  Innd,  lenvth,  iind  breatltb.  bt 
(tvciii  to  And  tb«  depth,  audi  thnt  the  beam  sliall  not  del 
Pkai>«  tban  ^)^  of  tia  dear  IciiKlh. 


qopUi,  moU  iL  by  O'ii^  and  add  the  prod  ■<■  »■■<:  h.:-.  ■^o.-^.  .^.u-  ^^.ui^h.  ■■* 
^aaow  neal  center  load:  and  i|>iD(  It  tnataaa  oTthe  oiifvAntRlircii,  cDlbniul 
vhala  ivIculaUon  again,  for  a  n»«  cube  of  depth.    Tbioubs  mot  at  Ihliirllll 

U  the  nallow)  U  HBllbnHly  dl»trlbu'te<l<  Bnt  nuti  It  b;  ^ai.  Dl 
prod  aa  a  «nwr  load,  and  bf  tlHtBr^alnti  fbrmuhi  Ind  tbaflnt  afipnlii  ttpi^ 
nIaDUn  the  wt  of  Iba  «ntln  rlw  laDglb  of  a  bran,  having  Ihat  dqitli.    Hd 


llin.1  4.    T*  (Ind  tlie  aide  «r  ■  aqnare  beHm,  wben  U 

iMadaad  elenrIrnvtiinr«Kl**i>.io[iodFflsF[  more  than  ^g  ofllii 
SqnafT  of  1-nglh  „  Conler  li*d  „  CunaUnl  ^      A  terlafn 


I  wtll  Miwsr  trnly  odIt  for  tlie  glrei 


.  cy'lloi!«r"lll  bend  i.' 

■n,  fn  .nyof  thefore^  ._„  ,  _ 

iM  liordiMojrIorltaa>iMii,iu(«*d 


>y  .(Oi.    Add  Ih«  p.rod  to  the  art- 

a  .6sa  to  1 ;  or  that  oF  Iha  (^lun 
(be  h*»m  tu  IncUnvd,  u 


;.i    ft  ?S!z 


i:i 

'•'^  j'i 

_*-*-*-* 
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,  Table  or  greateal  center  lonils  of  •qunre  twanm  of 
ron,  Bupported  HI  butli  «■■<■■.  nnil  reqd  not  lo  bend 
ttiHo  ^e  or  nn  iucfa  per  laat  or  clear  lenytli,  or  ^\jf 
If  tlic  entire  clear  lenKlk. 


u.  iron,  in  29. 
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Ari.S9.    M^dffkli 


mMm 


li|fl5 


Breakg  load 
in  tons 


'•  beams  have  nearly  1^  times  fke  atrei 
beam  of  equal  wt  whose  Ux^  and  bottoa 
are  equal.  Mr.  Ilodgkinsonf  having  foim^ 
an  average,  ca«t  iruu  reqd  about  O^times 
force  to  crush  it  as  it  did  to  pull  itapui,  e 
the  beam  (of  which  Fig  15  is  a  cross-eectfc 
center)  in  which  the  upper  or  compressi 
flange,  u,  has  but  V^  of  the  area  of  the 
extended  one,  6.  The  top  flange  be  thei 
sunied  to  be  safe ;  inasmuch  as  its  area 
what  greater  than  the  proportion  of  1  to 
hence,  breaking  will  take  place  from  the 
of  the  bottom  flange  by  extension.  As  t 
of  his  experiments,  he  gives  the  followi 
when  the  load  is  applied  at  top,  or  equall] 
sides  of  the  beam. 
Area  of  bot  flange  v,  depth  p  0  v.  Constant 


in  sq  ins 


in  ins 


2.166 


Clear  length  in  feet. 
When  the  lower  flange  is  as  much  as  about  21^  inches  thick,  experimei 
that  part  uf  the  breakg  load  thus  obtained  should  be  deducted;  because  thick 
are  proportionally  weaker  tlian  thin  ones.  Half  the  wt  of  the  beam  itself 
deductwi,  for  the  neat  breakg  load;  this,  however,  is  necessary  only  when  tl 
are  very  lonx;  for  such  as  are  used  for  ordinary  building  purposes,  it  mi 
glected.  If  the  load  in  equally  distributed,  it  will  be  twice  as  ^reat ;  but  1 
wt  of  the  beam  must  then  be  deducted. 

Ex.  The  upper  rib  «  =  3  ins  X  1  inch  =  3  sq  ins  area;  bottom  rib  b  = 
X  12  ins  =  18  sq  ins  area;  total  depth  oo^  15  ins ;  clear  span,  20  ft.     Here, 

18  X  16  X  2.1«6  584.82  ^  ,„  ^  ^  ^  ,     ^  ,     ,   ^.       w  , 
^    .^ =  — 20 —  =  ^'^^  ***"■'  ***®  "^^  ^***^'  in«J™M»«  }/i  tl 

Now  to  And  the  wt  of  half  the  beam,  we  may  proceed  thi 
the  entire  area  of  its  cross-section  in  sq  ins,  by  the  clear  span  in  iiis.  This 
the  cub  ins  of  iron  contained  in  the  beam ;  and  these  div  by  8600,  give  the ' 
beam  in  tons ;  because  8600  cub  ins  of  cast  iron  weigh  about  1  ton  ;  or  nea 
ins  1  flb.*  Thus,  if  the  vert  rib  contains  12  sq  ins,  then  since  the  two  flan 
tain  21,  the  entire  section  is  33  sq  ins;  and  the  span  being  240  ins,  we  have 

=  7920  cub  ins  of  iron.    And  r^—  =  .92  of  a  ton,  the  wt  of  the  beam.    • 

ooOO 

of  tliis,  or  .46  ton,  taken  from  the  breakg  load  29.241  tons,  leaves  2878  tons  as 
breakg  load ;  showing  that  in  such  (*ase8  as  this  it  is  scarcely  worth  while  in 
to  make  the  deduction.  These  beams  are  not  always  made  of  the  same 
throughout,  (see  Fig  16,)  but  diminish  toward  the  ends;  this  method  is  ther 
always  strictly  correct,  but  no  great  accuracy  is  needed  in  Huch  cases. 

To  find  the  slse  ofa  Hodnrkinaon  beam,  reqd  to  break 
a  iriven  center  load,  havlnic  the  depth.  Mult  the  given  loai 
by  the  clear  span  in  feet.  Mult  the  constant  2.166  by  the  total  depth,  oi 
Div  the  first  prod  by  the  last;  the  quot  will  be  the  area  of  the  bottom  rib  i 
This,  div  by  6,  will  be  the  area  of  the  top  rib.  The  bottom  rib  is  nsually  mi 
6  to  8  times  as  wide  as  it  is  thick ;  and  the  top  one  frim  3  to  6  times.  The  t 
of  the  stem  is  usually  a  little  greater  at  bottom  than  at  top;  the  average  t 
being  from  -^  to  -^^  of  the  depth  of  the  beam. 
To  save  material,  the  vjxdth  of  the  Imttom  flange,  and  of  the  top  one  also  if 

_  proper,  may  be  reduced  I 

fLJLjiJL-P    "  "n~"    n   "  /^  to  about  %  as  great  at  < 

-^5^ ^^        of  the  beam  as  at  its  a 

shown  by  the  middle  ri 
Fig  16,  of  which  the  upp< 
is  a  side  view.  Or,  lea 
dimensions  of  those  flai 
altered,  the  d^Qi  of  ths 
rib  may  be  reduced  toi 
ends,  as  shown  by  th< 
sketch.  The  theorotioal 
Y\«t«  axi  «\\\vM.  When  t 
h reduced,  the  rerj  ends  may,  for  8tabi\\ty,\>e  w\dftTifeAo\x\.,«fc  vXe^'nYAc^^fti.' 

7*Ae  wert  rlJb  Is  generally  strenfKtlieA«Al»Y  «wiU««^ 


•  A  sab  iMk  of  wionchi  Iron  may  \>%  taJwa av  Jft^',  »A«l«AlwaaK 
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as  in  the  upper  sketch.    These  should  not  extend  entirely  to  the 
then  expose  the  beam  to  crack  as  it  cools.    To  prevent  this  te,nd- 
attached  alternately  to  the  top  anci  bottom  ribs.  Tlie  upper  ones, 
Y  needed. 

«se  beams,  as  well  as  in  all  other  castings,  it  is  important  to  avoid 
from  thin  to  thick  parts ;  and  to  keep  all  parts  as  nearly  as  possi- 
lickness.  Otherwise  the  castings  are  apt  to  warp  aAd  crack  in 
ir  in  mind  that  the  resistance  or  strength  per  sq  inch  is  comidtru' 
stings  than  in  thin  ones. 

e  rule  for  breakg  loads  is  safe  when  the  load  is  equally  disposed 
side  of  the  vert  web ;  and  when  said  web  and  the  flanges  are  pro- 
3ther  about  the  same  as  those  used  in  Mr.  Ifodgkinson's  experi- 
queut  investigators  have  found  his  beams  to  break  with  but  Httie 
)  loads  given  by  the  rule,  when  applied  to  only  one  side,  as  60,  or 
op  or  bottom  flange.  W.  II.  Barlow,  P.  E.,  London,  experimenting 
flnds  that  when  a  cast-iron  beam  is  liable  to  be  loaded  on  only  one 
the  top  flange  should  have  an  area  equal  to  ^  that  of  the  entire 
3  beam ;  and  for  beams  so  proportioned,  he  gives  the  following : 

.  bot  fl»nge\  ,  /Half  area  of  \  ^/!*'P'Vto'?™te7S-\yC°""''"* 
n.,iins      )+{    vert  rib    ^^^V^^glT.XyCgw^^    '^ 

Clear  span  in  feet. 

ters  recommend  that  even  for  loads  pressing  vertically  through  the 
K'er  flange  should  have  but  about  3  instead  of  6  times  the  area  of 

mate  resistance  of  steel  to  compression  being  about  twice  that  to 
cinson  beam  of  that  metal  should  have  its  lower  flange  of  twice 
er  one. 

r  the  parpone  of  ready  reference,  we  give  a  few  ex> 
with  cast-iron  beams  of  various  shapes :  being  the  actual  center 
)n8  of  sound  beams.  Some  beams  of  Sterling's  toughened  oast 
ill  ^  higher  than  those  of  common  iron. 

e^r  breakgr  loads  In  tons,  of  cast-iron  beams.  Clear 

Etdths  and  depths  in  inches. 


in  4U  ft. 
loaa  2  tons. 


bovo  inverted, 
id  2.3  to  2.9  tons. 


2jo     Span  4^/lit. 
^    Br  load  .125  ton. 


above  inverted, 
load  .4  ton. 


Span  A^^  ft. 

r3.7  tons 
Br  load-{      to 

(    4.2. 


lJ-....i  doa     Spanll 
Ifc— |.g<»     Br  load 


Sxli^ 


« 


ftt 
tons. 


^     Span  18  ft. 

Br  load  22  to  C8  torn. 


8±xti 


CO    Span  27 J^  ft.^ 
^  ^    Br  load  29}^  tona. 


mr.  the  hemm  wmm  nn/ooded.  and  Its  elastleitv  appeared  V»\m>»«VWUOa\&/^«S 
rthasebemaiMwent0Mtedbyemit»rlo»aMotl2%limm.    Ml  HV»H 
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A  la-Inch  beam.  Weight  U%  lbs  per  foot  niu.  Flanges  4  ins  widt. 
Inoh  thick.    Area  of  crow-iection  of  beam,'  12^  sq  ios.    Qliar  ipaa  2B II. 


Center  Load  in 

Deflection. 

Increase. 

Center  Load  in 

Deflection. 

In 

Lbs. 

Tons. 

•  Ins. 

Ins. 

Lbs. 

Tons. 

Ins. 

6720 

3 
3K 

.691 
^21 

15680 
168U0 

7 

1.800 
l.»76 

7840 

.130 

8960 

4 

.948 

.127 

17920 

8 

2.228 

10080 

4H 

1.061 

ai3 

19010 

8H 

2.455 

11200 

5 

1.186 

.125 

20100 

y 

2.742 

12320 

6K 

1.328 

J42 

20720 

91^ 

2.900 

13M0 

6 

1.466 

.138 

"    in  15  mini 

2.966 

14560 

ftM 

1.680 

.164 

With  6800  lbs,  def  »  ^^  gpan. 

A  lO-lncIl  beam.  Weight  51^  lbs  per  foot  run.  Flanges  4  ins  wide 
^^  inch  thick.    Area  of  crostt-sectiou  of  beam,  15^  sq  ins.    Clear  span  27  ft. 


Center  Load  in 

Deflection. 

Increase. 

Center  Load  in 

Deflection. 

In 

Lbs. 

Tons. 

Ins. 

Ins. 

Lbs. 

Tons. 

Ins. 

' 

6720 

3 
3>^ 

.342 
.402 

15680 
16800 

7 
7K 

.845 
.913 

7840 

.060 

8960 

4 

.402 

.060 

17920 

8 

.992 

10080 

^H 

.523 

.061 

19040 

8K 

1.0(» 

11200 

;h 

.580 

.057 

20160 

9 

1.148 

1:2820 

»M 

.6:*9 

.059 

22100 

10 

1.309 

18440 

6^ 

.707 

.068 

24640 

11 

1506 

14560 

6H 

.778 

.071 

25760 

\\\i 

1.608 

In  half  an  hour  after  removing  the  load,  the  1.003  def  became  rednoed  to  .20 
With  12900  lbs,  the  def  =>  -f^  span. 

A  heavier  15-ineh  beam.    Weight  6^  lbs  per  foot  run.    Flanges 
wide.     Stem  11  inch  thick.    Area  of  crossHsection  of  beam,  20  sq  ins.    Cki 

14  ft. 


Center  Load  in 
Lbs.        Tonn. 


6720 
13440 
S0160 
26880 


8 

6 

9 

12 


Deflection. 
Ins. 


.048 
.090 
.134 
.178 


Increase. 
Ins. 


.042 
.044 
.044 


Center  Load  in 
Lbs.        Tons. 


33600 
40320 
47010 


CtollecttoD. 
Ins. 


1 


At  21  tons  the  apparatus  gave  way,  and  prerented  f^rth^r  expeiimsBl 
An  hour  after  removing  the  load  the  deflection  was  J222  Ineh. 


The  Phoenix  beams  are  nsed  not  only  in  bnildings,  bnt  for  brfcTgeff  oi  srasl 
Singly,  Hnd  by  themf>elves,  or  Mrith  a  stout  longitudinal  strip  oi  inm  riTeted 
flange  they  are  analogous  to  Fairl^aim's  plate  beam,  (see  Art  41  :>anQ\nhkcMii 
with  broader  strips  riveted  to  the  two  upper  and  two  lower  fla.ig«%  lSi«j  n> 
his  box  beam.    See  Art  31  of  Trusses,  p  304. 

For  tliese  beams  an  pillars,  see  page  237 ;  and  as  bridges,  p  SOi, 
A  deek  beam*  is  a  rolled  one  with  the  section  Ifig  18. 
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e4  Iron  bfitiinii  nf  Site  X*w  Icpsvy  S 
■rvn  <'«iniMny. 

hsTrpnlnn,  N.  J.,  Irf.n  W>u kn.  Coo|H>r.  Ilewllt  Jl  Co. 
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■J*«  the  folio.  ...„ 

tfad  Ike  Mfe  dUlrlbntMl  loMI  in  lb>  of  any  beam  In  the  table: 

EIhe  ewmpaadlni!  nniuber  la  (lie  aitamn  ot  c.>encienu.    Divlile  il  b,  Ihe 
tn  nut.    Dedncl  the  wl  at  (tax  clear  apui  of  bani. 
fl  Ibe  deaeetlon  in  Inchin  whicii  liili  Mfe  l<>Kd  will  prodnu.   BqDort 


IdmI  fur  tLc  lUi  biui; 


it  In  ft.    Divlile  this  ni^iHre  by  TO  tlmea  Uie  depth  of 

t  (nt,  ibc  the  loud.  He  hi 
Ui  iUeli':  Iniinii  2iauS  I 


lots  jdilenglli  ot 


MRof  KDinch  (I  not  M  niiii:ti  H  ^{^  ortheBpun;  and  in  therefore  not  tew  nueh 

Mark.    B«Miia  of  no  Ii/nd  «hould  be  tmHt«A  iMVOt  ikuk*! 

fttrlrlmatinirloiidt.    IfUiey  rire  Iljilile  to  recelie  \KHfM-i  e\u>c^B,  OikVi  VuoA 

i!^fyj^'.'j'''i'.'^  '"  "<"  «oiB  nnjnorlioii  iu<  the  skVs  \oaA»  ki  ip6>m: 
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■  !■«  *       .«•'       -^th    ?••■ 

■».i     ■••  -ril*    -ei    -■••%  .-HI. 
-«~    .-■•i^  -    -irinrn  -itiiiB^'*'«ja 


Mm'm'    -_' 


tBl>U.. 


■!t 


-acer 
3  * 


IMkction. 
Inches. 


..«• 


•Oi 


14 

iH 


■iliiUvOKvni.      In. 


wei^ 
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'  4 


tC 


-:ui  i:  '  lie  Mutf  piam  gave  wny 
I.     ivtr  .occua.  e«icvii.  in  an 

Cuni 


..».»    v««...i^cuk.     'Vira  :*-*.■«  2j«»  i«rf  =  _|.y  spun. 


•2 
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>M   id 


b\o 


}-j 


ir«.  41.   Fifcii  >■!■  ■  plate,  i 

b«i>M—.  «Mr  nil' <#<■>■«»■      Tli<>9«*  *r 

■'t.tu  ;  i4C49».    luii  Aiucit?  irun.  riTetei 

'.''!•■  .-i.u**  nv  'utmily  :ri)in  '-..  to  ^«  i 

'"♦itr  ^.iM,.t^n>u*  !ri»iu  -^-v.  I>v  i^w  b.T  •*< 

y        Kii.     rhw  i'lVHtift  Trom  ^.^  to  n-i^: 

i^-i  vixt^cu  t-jui  -;  tu  u  iiu  .i|MU*t.  from 

riii-.-> .       uiiirr  »iiup«:»  ai  ruiled.  in>a  a 

.ordb.y  -  iiPjuuL'Lti,  ji»  ilie  chiuiael-ii 

.-u.  .  .'bC.  .1.0.    Fi)c^  J2  autl  JH  *re  coiui 

.»     iii»(nKiiii((    liie  piaCM    benox   iit 

tu<i  :'  ir  ^rt-it^r*  ot*  mmit* mie  »piuiik.    f 

iu«r    Ui'tii.     Krt;«|umitly  MiTcnhl  chic 

-■iAkp>.n>ii  .ux*  nvetinl  tu(|»tiittr.  U»  ^i 

jkU«»  .«.-(C-^>ai  :lau)(HA.  tu  obtain  tfa«  r« 

i  ?««;iiuu.     The  vertical  web.  r.  or  ■». 

'r^oriiitv  (.vui^uri4^  lit'  two  cbickBeiH 

J4  . 1  *tic  'i>x-<'m^di.  tfttcli  of  the  cw»  fl 

MMtf    •!  :wo  ihiL-kii«*(Mu«.      Til  in  fbm 

■«iii  u   >u  a  lar^*  acaie,  ^-onutituttt*  cJ 

Hr.  KMrt«aim  'linHtB  tu  aiak»*  th«i 
top  rtaiiicr*  ■*«)ual  tu  1  ^-^  thnr  of  th**  b 
lit*  >i:%LiM  <><ti  ^tih  tiiif  :<t<'(K>r«ton  lo  itrimiikCe  ^Uiw»uo«  UL*t«i  bti  mwi^fi)^ 
h.*.  M  «v  '.^*t,  tru**  -xf^TTvui*'  skuctiuri'*  :t.  -uiii  rhuC  no  u^nin  of'  iCreng 
iit.iK'  laiL  iitk-r  -11^  >i  '.ii«  :tauj^^»  :u  «*.\i-r<*^  :bi»  iimit.  ThHr**  m  rui>ni 
tt  *•■■■ 'i.-:-  'ii.«  ■n>.-or"«Mi  v>r  '.:i<-  1;uik?'^  •:*  'bt*  btwc.  Mortt  expenrnfOC*  Art 
I, '.I  -.. Kif  Hii  jft %•»»:•  -j.t  nit*  :i"r  "U**  :\uv:Wat^iiii  -jf  tbt;  ▼«*rt  uiKmbtTk  1 
ir'"«   r  f    '■•••  ■.'ij«iint*'-'niM«  •  •.  *»•.  »re  *m  W  ••mupwxvA  ;•«  ^;iikz\.<i(  xhwifc 

#'•     •'*.    «.«  |I<<|^   my  ^thnr^  :ui»hI  ;n  tb*' b»»Ctillll  ftaiiip**,  **«  ifuVjijjwi't^^^ 

tu  It-   ■■■  i--,f.-^  jv»  «rr^nvl7  :«pl^«'»*»t  -.■«:^ttL»»r  atxYk»\r  iov-.\t»k» 

^  '..r  :*.  ■■^rai.  h.-iw^T/r.  mak.»  Vx.th  flaas-^  'rf  **\ui\V  *rwk-,  caaoa^ 

<—  t:-,nf[  .  .,mprt*H^^l,  arft  not  avyretlalAy  m«i^*«iA\»i  ^i»w  \»* 
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BTRENOTH  OP   MATERIAUB.  ZliT 

'Itgtli  of  the  Bliig:le-plale  beam,  FIgi  Siai  23.  Fall- 


m  lUeTr,      J  O 

I  box-botm.  Tig  m,  pnujnlT  tfav  s 


1)11  ilediKled,  la  obUin  tliQ  n' 


al  be  ivlil«l  Id  tfan  • 


uen,  cbudu,  MveU,  Ac, 

loivlns  Kl'*'""  lAV?  for  nan;  ynn  snilahicd  liKORiatlm  truffle: 
'^^1  ilngle  tnck;  2  gknlura,  iJi  fl  ftpiirt  from  <'VMter  to  aot^r;  Inuglh 
ft;  cfe4r  flniiri,24  11:  nital  d^li  or  elrdpf^,  36  Iru;  top  uid  bottom  T- 
Isontnllr  TJi  X  %:  <"I  flnngt  a  x  &;  'I'"  '"'^  iMgltndii.l  iplidn*- 
fccl.  fl  X  Vi:  tenw-^b r,  W  Ihlck.  sOLfc*  fig  W :  «lngl«  li«lt:  a  rirl 
LTtrnm  center  tucreiitiir;l€nglh  of  each  41  ft:  deu-iywai:  lotal  depth 
0  Ini:  top  ptata,  AittKt,  mxH:  Uoltuo.  pime,  iloltea,  16  x  Ji;  lop 
«,  ^  X -^  Xk:  liott™  uiglSron.,  «,  3J^  X  :9<  XK;  ™t  »=h,^ 
k.    Tbliii  cna  of  tbo  Anl  bridgnsf  thta  kind  Uoilf  ru  tlw  DnlUd  Etitca, 

1^  of  nBchSSR;  clnu-tpui,  Gnft;  lotiil  di-|j>h  or  gtnt'nn, fnSLna;  top 
T-iroii«,t,8x  Ai'MtflKifB,  ax  H-  Ihe  4  Ion  gitudi  oil  rolicing- plates 
t^a'iil^"  ^u  Cj^'^JitMcW  ul^'Sl'-irt  Sf'^'iSch  thi'kS  th" 
u  Klnlura,  imi^ntOie  eoda.    All  buTS  vorUail  atlfl'i.nera. 
■Tin);  lire  In  naaon  tbFCfanrlnsirraMiRnllwny.&iiRlBDdislI  lika 

iw4  IS**  SiTboitoin  pl^'/il^'ji:  Yert'»fi.,  w,  «  tblck  f  K.p  .ogl.^ 
,X  «i  bol torn  QM  4  X  4  X  Jff:  rtvH.  5^  dindi  3  in>  apart  from  carler  10 
^tariglnler,4ij:tuni.  2d,roriiiiInrieir«Lk,M  ft rlenripan.tutil length 
^giBl^fl:  top  plale,ilotlod,]ax%;  bottom  plate  Ifl  X  »(:  Tart  woln 
i  top  vid  botlntm  anBlc-lrDDar  n-  ^  4  X  4  X  ^i  rivcia  ^  uIlud,  4  In^bea 

jdera  Dnlj,  ;;0  ft  apurt  ttam  ci:n  t^hcen^  ilifarnpan  7:^;  total  lapgtbfl^^ 
t,  V^  flat  center  of  atnrj;  Oflat  endq;  top  [jlntr,  dotted,  :jtt  £  ioa  nlde: 
It  i  tbldkDEne.  of  ploUi.  Mch  %  thirk,  M  cfnl^r  ,.f  BJMn;  kod  3  awih 
»enda;  botlon^te-Jn  vlde.one  Ihl^kneuot  ^^  andSof  «^  eneb,  at 
or  thelpan;  al  the  epda  one  of  the  »^  la  omitted.  Vort  web,  lo,  W  Ibick 
rinuil^fhrlt  ftsceJi-h  end;  top  and  bcFtlom  gtiEl*-ln>i".  «  X  '''  X  K; 
lu(>Elr^,2fitaiia:  nhlcb  noold  aufflny  for  a>ln(le-tnRk  ginlw  tlX>tt 
kMtrf^cTeryar^MU^.HgSWj^hjJ^uf^xa^X^^^ 

)  llmek.  and  the  ^en  about  ft  to  « It  apart,  an  tike  ID*  aliaded  parB^ 
■t  ti,  wltbont  tap  Hod  bottom  platen.  Depth  aliont  lu  Ina ;  vettwaliW 
:  4  angle-lrom,  Mth  ^  X  3M  X  Mi  ■Wight  about  HOO  B»,  Id  auch  of 
■  Otvn  tnllway  brSdfM  aa  hate  theiT-  main  licune  39  ft  apart,  and  where 
ma  flmr-bFajaa,  alao  3B  ft  lOKE.  aiipport  3  tracka.  the  laal.  S  fl  apart,  ban 


B.    Tb#  vunatmetloii  of  plKle  nnd  tabnlni  irlrden  I* 

IHti  of  Iron,  not  I'lcaeding  about  3  X  1^  ft  in  braaiith  unil  length  in  the 

D  iKtlh  ((rial  of  II  at  leait  t 


g»" 


R*2S.      »cwi  »>  tfcw  "ii    Tki*  H  dDw  tvpitua  ceo 
*  Wadta .«  la  B  » iHte* 

«lHiJlVi*rjliM^;^<rUBMfs(Htru.uifarail]r<llitriI<ii 

„ — ,  ba  hmaht  l^iis  IbTbrtdgE.   CUri 
«  •*••  aaikaviiif  iln  biidn  iMlf.  ud 

.   .  »«:  >i>*b<iaiaDtiia»>ft>iiu*,l>jUH 

KiMlM»»«**»*<>^>»'i<^ — ' 
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.,  mt  tlie  Pi 
»r  isri«ic««,  ooBSiiitlBfir  •'  two  flrlrdenu  of  fr6iii^3<^  ^ 
fc  «t|Mm  ;  and  intend«a  to  sastlun  two  railway  tracks. 

lofllciency  of  these  dimensions  has  been  questioned  by  high  authority.) 


KrtioBS  of.ralllilar 
lenu  of  fr6faPS5. 


Ui. 

Center  Qreaking 

Load  of  Bridge, 

or  of  the  two 

Girders. 

Sectional  Area 

of  bottom  of  one 

Girder. 

Sectional  Area 

of  top  of  one 

Girder. 

Depth  of  a 

Girder,  at 

the  center  of 

the  Span. 

Tom. 

InchM. 

InohM. 

Feec    In. 

180 

14.63 

17.06 

2        4 

210 

17.06 

19.91 

2        8 

240 

19.50 

22.75 

8        1 

• 

270 

2194 

25 

8        6 

800 

24.38 

.    .,»•    J 

8      10 

830 

26.81 

S 

4        8 

860 

29.25 

34.13 

4       7 

890 

81.69 

36.97 

6        0 

420 

84.13 

89.81 

5        6 

450 

86.56 

42.67 

6        9 

480 

89.00 

45.50 

6       3 

610 

41.44 

48.84    * 

6       7 

640 

43.88 

61.19 

6      11 

670 

46.31 

64.03 

7       4 

600 

48.75 

56.88 

7       8 

660 

6a63 

62  66 

8       6 

720 

58.50 

68^25 

9        8 

780 

63.88 

78.94 

10        0 

840 

68.25 

79.63 

10        9 

900 

73.13 

85.81 

11        6 

960 

00.00, 

105.00 

10       8 

1020 

95.63 

11158 

11       4 

1080 

101.25 

118.13 

12        0 

1140 

106.88 

124.60 

12        8 

1200 

112.50 

131.26 

18        4 

1260 

118.13 

137.81 

14        0 

1820 

128.75 

14438 

14       8 

1380 

129.38 

150.94 

15        4 

1440 

135.00 

167.50 

16        0 

1500 

140.63 

164.06 

16       8 

1560 

146.25 

170.63 

17        4 

1620 

151.88 

177.19 

18        0 

16^0 

157.50 

183.75 

18        8 

1740 

163.13 

190.31 

19        4 

1800 

168.75 

196.88 

20        0 

girders  are  sometimes  constructed  with  upper  flanges  of  cast  iron,  or  even 


44.  Blvetedjolats. 

r  steam  Iniilers  and  water- 
terns,  are  usually  propor^ 
Mttt  as  per  the  following 
Fairbaim ;  and  are  made 
1  either  by  Fig  30,  or  Fig 
:  30  is  called  a  siiiflrle- 
d,  and  Fig  31  a  dotl- 
Feted  lap-joint.  The 
or  c  c,  is  the  lap.  Mr  Fair- 
ttes  tliat  the  friction  gen- 
Btween  the  two  plates  by 


-C^ 


■V3r 


t: 


ftr-^ 


"^y- 


a 


RtfSO 


Fio31 

?3 


The  taba\i,T  \>T\At(^  nWV  tiftvvc  \i%  %J^<ci>\taiA.  V^ 
tmtfinferM.  Tmimed  «at»  can  be  ■«!«  laaeh  Atronger .  ii\i\v  luucYv  \«w» m».\«c\i\  *n,\«voKCkMi. 
mt   BHtmaaim  tabuJmr,  emob  liae  of  tubes  oarrteK  \iiit\A«  ot  \t  bxkV  otA  \x«iiX\  w&^  ^^'^ 
r  eeat  more  troa  thmn  ia  neoMsary  Hor  an  equaWy  »«ron« VVu>L  vr(x**»Vfti*ft>x»»^'wv^iB 

-^SJ^ft!/?!^^^"**"  •***•  of  »lbraa«m.  e<mtrae«\oa.  aa«^  «^a»aN.«a.   \v.>*  * 


BTBEKOTU  OF  MATERIALS. 
ud  wht.ii  twn  ■»  un4.  MDh  i-  fill);  hnlf  u  th 

l>i)ri»Ht  rpHltin  In  brldice  Joints. » 


I  wliicli  it  ' — ^ 


13^ 


Hrtra,  VI,  ansa,  tc,lcwll«wlBe'/"«p(o'''.  Mitt  trie  at.  Tlw 
E  itw  Imli-jninli  imd  cnYnrtng-pliii™,  u  at  B.  H  If  pliilii  Iha  in  Fig 
I  or  llieiiiatelaiHinlBiihHlliyUicliwiiriheiioB  t•kennntBr[lnJ^ 
r>ll'n■llr^  fiiiMitliiirnbiiA^lntMhinor  lint  ElisUirae  tnla  111 
;>H's  1 1.  -1  a.  Ic  t  Hn  >ln«  ■)»  IwlH  to  ttitat  Hicnl  mwi  ini  plimd 
\tr,  il  rulloBi  thnt  h  gnnt  ounilier  (f  iikJi  rowi  will  reduca  (b* 
ind  lensile  iinnetb  of  tlwpliile  nomon  ihui  E  single  row:  nu  ilie 

^ ,  ,.„ .litenlly  iimlU  tin  Icwl.  Thh 

btwnl  eknin  rlTetlBE.    «"« '-  '"-  — ' — ""  — -  "- 


n*!  ekain  rlVellBE-  M<">  ii  itali  lyslBiu  tbB  piste  !■ 
HTHting,  (balng  Isn  reddi:Fd  in  111  cms-awtlon.)  It  It  only 
hit  thmihalllM  aneb  ii  DiinlHr  of  ram  1 1.  ^22. 3S,  Ac,  Pit 
ItanimeallTulanRiiiiildejtme  ifMnngth  w!tti  theplnte: 
I  no  mnre  IMiIf  lo  gins  vas  bj  tUs  iburlng-Ia-luv  of  llui 
InC-llMiniaraplaU, 
^_y_„itmi  bT  (he  nise  noil  nambeF  nf  rlvela.  diiiwndi 
tha  tkMrlBf  uil  thF  IobbUb  ■Iri-Hgili"  "f  wrorighl  imn  Bre»bonI 
Mf  onwiimngsMatiOItn,  or  22i^1ona  piFNi  iiicli  oF  Imumna 
B  ord«  (but  thE  snilFd  atrangUu  of  tbo  rivi^ta  ma;  be  rqial  to 


It  to  HMiertt  by 

SliHM  truHTHK  Kreu 
•MBaflh>tMat.n»Hl     , 
»«(  Bis  rsdaeed  piuu.  "^ 
<»■  IT,  Im  two    ^ 
-|(t-Ialnt  K  and  - 


sa  '^^t'^^ 


■im 


ra 


jt.'t 


■-  :tAi  . .  .        -Li        ^—    ■■■:-.~    1      .    i"  '^  raiM  -     ■! 

'■^  *.::     ..tr  m  l:uimI 

11-. :..  jijijfia        ~  ar    .---jx.       ^-^-•.'...:;^      ^■«um'     iir    :l<fc 

■k---        ■-  _:■■-■       ^  -:?  •    .a* ^    ■uK.*i"*M-.iir 

■  ■■-*•              s   ..     -..a-'  1-..      -JWL-.u.  ■     '   icu    ..:xi-  m: »     maMKU.       "J 
--    ■■  .    -3^  ■  ;.     i .i^kB    k    -  aw'arr  i^x^u-r-  u-i  » 

...^        .-«•        ^:;_:k      -Ok    -     -    -Man     :  ?- m!:C^  ■.  j  OkUAi     r.' 


..*i"       -■■■■efc^-M     ■-■-      '•IB      -       1^       ;.      « -fii    -iBuiirf^      .-.-i'  ■:» '•11*I.«MW  t 
— ■«•     -"—        *    ■  -  ■•   ^T»      JU        TW       *--TU»-".»     -IIMfr  ■    law    "^^ 

■;•.—     :-  -  iii  '-•.tft.       "ir  --i-^-ntT'i     i.  "'It    ~ai 


rOTH  OF  IROM   PIT.LAKa. 

;iTGTH  OF  IBOUr  HLLAES. 


■DplllKnunBLUiii  llu^Kkiosoaoiul  UgwIiUDrdiiii,  bulliui  Unelmii 
unr,  dIDer  cDiiiiilsnLLily,  althuDKh  tlie  raia  of  Uolbars  buulln 
iiitIwwau)H|>ariiDeiLUU'iwt  b;  Mr.  HudgkinKii.    Mr.  Oorilon 


)LLOW  CYLDJBEIOAL  lEOU  PTT.T.ABS. 


r  Mollow  Cast  Iron  Cylindrical  Plllsi 


■^i:-" 


*OO.^Tulllti!MlqQ«t*idl.     D«  f  by  (bfl  .Din.     Tha  ™ult  »I1L  1»  Iks 

Ibe  hrK»ltff  lowd  In  tons  lua  a^.TI  IdhIouI  of  eoooD. 

FKMHtbfl  breaks  lnod  id  1bfl,4ira  ntuml  boHoncadt  Iroa  pilLkr^Ekni  oatut 


eqnnl  lo ——-^^^'  =  1750  ton»prrBqfndi  ornmUl  arm. 
Is  1,  pugK  ±U,  au. 
toe  aoUaw  Wroaxbt  Iran  Cyllndrlesl  PillBi 


^  \iq  „f  UDler  mum  Id  in>    '   ^""J 
I  n  Utna,  ase  1S.0T  insUid  of  30000. 


+  t'^  +  '«»»V^-«*^^*'' 


+j)asi     uxa 


-SI12SB1te,iirl«.T3M 


lake  laMl  or  A  8iT«n  hollnw  Bqaitrr  «raDfc-h(B 

SOLID  CYliroilOAL^IKON  PILLABS.  ) 

SrMlrs-  loads  of  nnlld  C3tinilri«>.\  \*on  ^IIIbts.  «_._ 
BattH,  Urmly  flKpd.  kiuI  Kttb  tbe  lOKAm  pnuVwt  a^nn.  t| 
raanlly  Cbrouvbont. 

^M*n>  liielougtii  urUiBiilllaiUiios;  alau  wijuwa  ttn  *» 


I 

Ebrc 


STREHOTH   OF  IRON    PILI^RS, 
goUd  ejllndricnl  CMt  Iron  plllitn. 

Br™kB  load       '       7~ia  uf  leoKlh  in  iu      \ 
l"**  '  +  (  «ifi  V  ...  ,>f  IlL^liTTirJ 


j0  brenkK  iond  In  Mnii  am  sa.TI  imuid  or  MOOO. 

IDtId  cyliniirieul  i:Ml-imn  pillar  « in>  dlum.  Md  10  ft,  or  IM  Ins  long. 

le  metal  axsn  In  iq  Ins  of  Ibn  tmniiiHrHSecClDn,  liJ'TBlileafClrclrs.r  1B.<I 

lieiq  ol  lbs  length  In  ini,DilW.  1b  lUDO;  and  tbe  iq  of  Ibe  dluu  S  li  30, 

M,M4  X  8«y00  gMllWO 

1B  %  pnn  32n,  of  (mcli  bnokliw  loads. 
For  ttollil  cylindrical  wrouifbt  Ipob  plllsn. 

""tnil"^ "  ,       (     »qollaPgIIHni°'     \ 
"'"^MMX'qofdlaniiniUJ!^ 
he  brenliK  land  In  tons  mo  le.DT  loitead  arSDniiO. 
lolid  cylhidriciil  wrounht  Irim  pIlUr  0  iia  dlam  \  and  lu  ft,  or  121)  ini  long. 
BUi8proct.atnfiQae.theinoWlarail«  28.2HBqiBB;  (ha  aq  of  the  length 
IMOOinndlbeHDrtliedtem^SGlni.    Hence, 
38,274  X  3*>"»  1017864 

pIllHr  and  tbe  ftorcwoinB'  -wronwht  Iron  one  are  or  the 


vbem 


BOLID  SQUABE  IBOM  PHLAES, 

___  londa  of  iHiIld  nqn 
Bxed,  and  witb  tbe  1< 

Dgthaf  tbe  ptiiar  Ini  di<:  olsnaq  one  side  nfilio  pillar 
.    for  sollil  Htinnre  eiwt  Iron  pillsnt. 


"  ■'■l.iM.?  Its*)      '■''   seoi  IS    "" 

1.    For  Kolld  siiiiape  wroncht  iron  plIlBra 


tb«  brenkc  l«ad  la  tana  nse  le 


'awoxm/     '"''toi 


BTBENGTH  OP  lEON   PH.IAE8. 


bTOkhtl 


Welalii  or  i  (Oot  or  isuUi  of  pUUr  in  ponniu. 


THICEHESB  H  IHCH.    <Ori(lll>l.l 
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HOLLAW  GTUHV  CAST  IRON  PIIAABM. 

BBBARIHO  LOAoa.— (Contioaed.) 
Bi  OcniKiH'i  Bcu. 


OABT 

IBOB 

.  THiouiassi 

IMOH.   lOm^u. 

3 

CNrt«  DUBMar  11  Iiulio. 

!* 

1 

1 

I 

11 

1 

i 

i 

Is 
11 

i 

i 

1 

II 

§ 

A. 
1 

Wai^ht  of  ODfl  foot  of  lonctb  of  pillKr»  In  pooiidt. 


0A8- 

FISO 

T,    TUlOEmSB 

mOHM.    tOrldul 

l1 

OuUr  I>l.mM«  U.  Ten. 

f* 

1 

I 

i 

Tom. 

1 

S 

1 
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1 

1 

J^ 

11 

»r  lentth  of  plllu-.  in 
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22»  BTBBNGTH   OF  IBOH  PItJULB8. 

HOLLOW  CTLINDBICAI.  WROCQHT  IKOS  VOUI 

Table  4,  of  brenklnr  loiidm  In  toaa  of  hollow  trU** 

itriinKht  Ipon  plllara,  wltb  Ont  enda,  perfeotiy  (nw, 

artnly   fixed,  nod  tfae  Jonda  premlDfr  eqaally  on  cvcrf] 

orth«Mlp.    CalcnIuCnl  bjODrdon'srurmulu.    No  puloa  bsve  been  Ukes  K 


WelitLt  a  DBB  toot  at  lesitb  at  yOlai, 


Weight  or  oua  16ot  of  lenaib  cd  -^u^Etlii  paandt. 


BTBENOTH  07  mOS  PIUJLBS. 
'  CTI.IKDRICAI.  WBOVeHT  ISOlt 

Table   4,    (CantHmsd.)    (OrJcinil.) 


WsigbtoCiniB  foot  arinistliorpmu.il 


Table  4, 

(OflgiB.1 

WaODOHT  IKON,     THJCKHBBB  1  IBOH. 

, 

Outer  diameter  In  lueBe.. 

n 

11    1     IM     »    1     17   1     ]S   1     »   I     n   1     »     1     n   1     »   [  M 

1 

1 

1 
1 

Ton.. 

i 

1 
1 

1 

1 

1 

1 

1 
1 

Tra.. 
1 

'1 

1 

1 

Si 
1 

Si 

ii 

s 

Tatf  bi  of  eoe  lOot  of  Ixutli  of  plUu,  la  pound*. 


w  S£  ^"S^i^U"*  tklekn«Me«  sig  ■ 


BTBENOTH  OF  IBOH  PILLARS. 
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I  ^wltli  roanded  ends,  as  in  Fig  l^Are  mnally  assniiMd  tohaTe 

)  strength  of  those  with  flat  endo,  ftrmly  fixed ;  or  %,  if  only  one  end 

or  bottom)  is  rounded.    In  iron  bridges  and  roofs,  the  ends  of  piiiurtt  and 

itruts  frequently  hare  not  full  fair  bearings  for  their  ends ;    ////^//a^}^ 

tained  by  means  of  pins  or  bolts  driven  through  (across) 

ther  one  or  both  ends,  as  at  p.    These  are  abput  interme- 

reiigth  between  those  with  flat  and  thotie  with  rounded 

te  writer  is  informed  by  Mr.  G-  Shaler  Smith,  as  the  results 

lents  by  him.    These  remarks  apply  equally  to  hollow 

d  to  both  wrought  and  cast  iron,  and  wood ;  but  there  is 

il  of  uncertainty  about  this  and  all  such  matters.     The 

ig^ed,  jointed,  or  pinned  are  not  applied  to  pillars 

*  are  merely  rounded,  as  in  Fig  1,  but  only  to  those,  whether    \' 

ided,  which  have  pins.    See  p  238. 


kinson  says  that  if  each  side  of  a  long  hollow  square  pillar 
[ual  to  the  diam  of  a  round  one ;  and  if  both  have  the 
il  area  of  traudverse  section,  the  square  one  will  have 
:}ie  strength  of  the  round  one.  He  also  states  that  if, 
*\^,  a  cylindrical,  a  square,  and  an  equilatentl  triangu- 
II  solid,  contain  equal  transverse  sections,  and  of 
lul  quantities  of  metal,  the  square  one  will  be  about 
eaker;  and  the  triangular  one  about  -^-^  stronger  than 
one.  It  would  appear,  however,  that  no  such  con- 
ortion  (ratio)  exists  between  tiie  strengths  of  pillars 
^ngths,  but  of  different  forms  of  cross-sections.  Thus 
uare  cast-iron  one  a  a,  is  stronger  than  a  round  one 
same  area  of  metal,  in  these  varying  proportions: 

are  10  diams  (or  sides)  high,  thesq  one  is  1.05  as  strong. 


20 
30 
40 
60 


l.U 
1.21 
1.25 
1.29 


ought  iron,  the  ratios  are  different  from  cast. 


oiled  seamen t-colamn  of  tlie  Plioenix  Iron  Co,  of 

I,  is  coming  into  general  use  in  ifon  bridges, 
amon  builuing  purposes ;  for  both  of  which  it 
bo  better  adapted  than  any  other  device  in 
troduct'd.  Fig  4^/^  shows  a  transverse  section  of 
)f  only  4  segments,  S  S  S  S.  The  segments  are 
gether  by  livt'ts  about  six  inches  apart ;  by 
lunges  along  their  sides,  as  shown  in  the  Fig., 
very  two  segments  is  (frequently,  but  not  ne-  • . 
inserted  an  irt)n  bar  a  a,  called  a.Jlot,  throu^ch 
I  the  riv<;ts  i)iiss.  Those  flats  contribute  much 
ngth  of  the  pillar.  Cast-iron  caps  and  bases  are 
e  ends.  An  b-segment  column,  'M}/^  ft  long,16)^ 
iiam5^.<;;  and    '    thick,  tested  by  hydraulic 

howod  no  indication  of  weakness  under  a  pres 
I,  or  .i:2  tons  to  each  square  inch  (55.6)  of  itsen- 
erse  area,  including  the  flats.f    See  p  238. 

D,  Pig  42  of  Trusses,  is  ihowo  a  combination  of  this  ooluoui,  wV\ikx  \^  'ifVise^ci.Xwuagk 

ordd  of  bridges  Ac,  p  294. 

ioeaix  pillars,  Pbilada,  1873,  t^  to  10  cts  per  lb. 

U2 
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n  sncli  forms  of  ero«i-««etloii  as  Fig^  5  to  14,  Ac,  in 

the  greatest  accuracy  according  to  present  theory,  we  must  Bubstitute 
8  the  square  of  the  least  radins  of  gyration  (see  GIO0- 

>8s-section :  in  plakie  of  the  diam  or  breadth,  as  the  case  may  be.  Thifs, 
struts  of  cast  or  wrought  iron,  Gordon's  Bales  1  and  2,  on  page  231, 
the  following  shapes : 


Breakg 

load  in  : 

lbs 


Rule  1. 

of  metal  in  aq  ins  X  80000 

/  Length  *  in  ins  \ 
^  \3200XRadgyr.V 

the  fornu  of  our  rules  1  to  8  would  not  change  the  resuUs, 
lied  by  inserting  the  actual  square  of  the  radins  of  gyration,  tho 
tvoral  shapes  would  read  thus,  all  the  dimensions  being  in  inches : 


Rule  2. 

Area  of  metal  in  sq  ins  X  86000 
-       /  Length  « in  ins   \ 
■*"  ^36000  X  Hud  gyr.*/ 


»w 


ow 


la 


a 

¥ 

o 
,of 


CAST  IROir. 

Metal  area  X  80000 


1  + 


( 


Length  ^  in  ins 


3200  X 


least  side*  in  ins 
12^ 


Metal  area  X  80000 
Length  s  in  ins 


1  + 


\^32i 


3200  X 


one  side  "  in  ins 
6. 


Metal  area  X  80000 


'+(3200(^' 


Length  *  in  ins 


c  +  3  a 


c  +  a 
Metal  area  X  ^0000 


) 


1  + 


( 


Length  '  in  ins 


3200  X 


Diam  '  in  ins 


16, 
Metal  area  X  80000 


1  + 


( 


Length  2  in  ins 


3200  X 


Diam  2  in  ins 


8. 


Metal  area  X  80000 
Length  '  in  ins 


(. 


^  +  '3200X*^''"'"'' 


24. 
Metal  area  X  80000 


1  + 


( 


Length  *  in  ins 


3200  X 


n  o  2  in  ins 


24. 


WRouGBnr  iRoir. 

Metal  area  X  30000 


■*( 


Length  *  in  ins 


S6000X 


least  side*  in  ins 


12. 


Metal  area  X  36000 


1  + 


( 


Length  *  in  ins 


36000  X 


one  side*  in  ins 


6. 


Metal  area  X  36000 


Length  *  in  ins 


1+ (  /c«         c  +  3ft\ 


Metal  area  X  36000 


Length  ^  in  ins 

1+1  Diam  a  in  ins 

\36000  X  - 


16. 
Metal  area  X  36000 


Length  ^  in  ins 

1  +  (  ^^^^^       Diam  «  in  ins 
^38000  X   g 

Metal  area  X  36000 


1  + 


( 


Length  2  in  ins 


36000  X 


a  o  3  in  ins 


24. 


Metal  area  X  36000 


1  + 


( 


Length  *  in  ins 


36000  X 


n  u  *  in  ins 


24. 


re  believe,  is  meant  that  the  sinele  thiekncM  of  metal  nhall  not  exceed  about  ^  part 
de.  When  the  tbiokneAs  in  greater  than  H  diam,  or  lide,  tb«  loada  ^'<i«,txV)  Vm^ 
ippraoiabl/  too  great  for  praouoal  OM. 
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Angle  Iron  of 
ribs      of 
unequal  0 
leniptliM, 

but     equal       C 
thicknesset). 

H  Iron.  a. 

Call    the 

area  of  the 

web    W, 

and  that  of  0    Hi 

the  two  flanges  a  o, 

cn,F.* 


1  + 


H 


CAST  IROX. 

Metal  area  X  80000 
Length* in  ins 


Metal  area  X  SOOOO 


Metal  area  X  MOOQ 


1  + 


Length  ^  in  ins 


1  +  1  /m*v>areaW\  \ 


c 


38000 


Length  *  in  In 


X  ^ 


Vl2(o*-fr 


1+ 


Metal  area  X  8<W0I 
^        Length  *  in  im 

(seoooxCj^'x^ 


R^IS 


Brkg 
load  a 
infts 


Channel  Iron.    Let  d  e  be  the  da 

the  outer  end  d^  of  a  flange  ^o,  to  the  mi 
«  <  of  the  thickness  of  the  web  to  woo 
area  of  the  web  ww  o  o^  in  sq  ins ;  a 
united  areas  of  the  two  flanges/ o,/o. 
for  cast  Iron, 

Metal  area  X  80000 


1+ 


( 


Length  *  in  inches 


3200  X  de^X   (j^ 


area  F 


X   r- 


area  V  X  aret 


X  (area  V  +  area  W)       4  X  (area F+are 

For  wronipllt  Iron,  instead  of  80000^  and  3200,  use  30000  in  both  e 

The  formulas  give  equal  strenirths  to  Fifrs  !•«  17  m 

The  Itellowinir  tahle  shows 
parative  breaking  strengths  of  holh 
drical  pillars,  Hnd  thoHe  of  L«  +,  H  sc 
equal  arms.  The  heights  are  measure< 
or  arms.  The  areas  of  metal  cross  se 
well  as  the  outer  diams  and  arms,  an 
ail,  as  in  Figs  16, 17  and  18.  Deduced 
foregoing  formulas. 

(Original.) 


m,n 


n^is 


Ht.  in 

diams 

or  arms. 

Cast 

Wrt. 

GastL, 

Wrt.  L, 

O 

O 

+  or  H 

+  orH 

10 

.65 

.71 

.63 

15 

.65 

.68 

.61 

20 

.79 

.50 

.71 

25 

.05 

.45 

.81 

30 

1.13 

.42 

.91 

35 

1.20 

.40 

1.01 

40 

1.47 

.38 

1.09 

60 

1.78 

.37 

1.22 

60 

2.05 

.36 

1.32 

70 

2.26 

.35 

1.40 

80 

2.45 

.36 

1.46 

100 

2.66 

.34 

1.63 

Phcpnix  beams  as  pillars. 

Some  rude  and  inconclusive  experiments  with  the  Tarious  patterns  of 
Phcenix  beams.  Fig  17,  p  210,  employed  as  pillars,  seemed  to  s 
with  lengths  equal  to  M  timns  the  width  uf  tup  or  bottom  flange,  their  bn 
need  not  he  assumed  at  lees  than  about  10  tons  per  sq  inch,  or  say  ^li^  of  tl 

fbr  wrought'iron  cylinders  of  30  diams,  in  Table  "^  'i  or  -^  of  that  for  hoSkn 

of  30  Bidea  in  length,  in  Table  8,  p  239. 


» la  the  aaiie  meotfoned  immediately  aOer  thw»«  tormtAw,  Vtvft  ^«V>  Vm  ««mMR^ 
f/relj-  aorona  the  II ;  but  wo  are  not  wrtalu  th»t  It  sbou\4  not  V«  t«.Y«&  onVj  Vn  y^ 
duageB.     IT.  hnwovop  thiaiarinnA.  u»n  r««aU  make*  tYi«  B>  ^«»Jtw  V\»^ «»*t  u 
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em  of  east  iron  for  bridges,  Ac,  it  is  usual  among  English 
;  to  allow  mure  than  2}^  tons  (5600  S>s)  of  compression,  or  thrust,  per  sq 
1  neTer  subjected  cast-iron  pilUtrs  to  more  than  1^  tons  (3360  Sw)  per 
Uialer  Smith  *  employs  as  maximum  working  strains,  ^  of  the  calca« 
g  strain  for  such  hollow  cliords  and  posts  of  bridges  as  are  1  inch  or 
Luess,  and  not  more  than  15  diams  long.  For  posts,  only  ^ ;  when  not 
inch  thick,  nor  more  than  25  diams  long;  or  from  -^  to  ^,  when  ^ 

and  more  than  25  diams  long. 

1119  eniplneer  must  bear  In  mind  that  the  breakg  and  the 
r  sq  inch,  of  pilhirs  of  any  given  material,  are  not  constant  quantities ; 

as  the  piece  becomes  longer  in  proportion  to  its  diam.  If  a  very  long 
ir  be  so  braced  at  intervals  as  to  prevent  Its  bending  at  those  points, 
th  becomes  virtually  diminished,  and  its  strength  increased.  Thus,  if  a 
:ong  be  sufficiently  braced  at  intervals  of  20  ft,  then  the  load  sustained 

due  to  a  pillar  only  20  ft  long.  Therefore,  very  long  pillars  used  for 
,  &c,  are  thus  braced;  as  arc  also  long  horizontal  or  inclined  pieces, 
)mpre88lon  in  the  form  of  upper  chords  of  bridges ;  or  as  struts  of  any 
;e8,  roofis,  or  other  structures. 

re  sometimes  made  by  assuming,  say  5  or  6  tons  per  sq  inch,  as  the  safa 
load  for  cast  iron ;  4  tons  for  wrought ;  1000  pounds  for  timber ;  without 
0  the  length  of  the  piece. 

:gh  the  final  crushing  loads,  as  given  in  tables  of  strengths  of  materials, 
Uose  for  pieces  not  more  than  about  2  diams  high,  they  will  not  be  much 
8  not  exceeding  4  or  5  diams. 

remembered  that  a  heayily  loaded  cast-iron  pillar  is  easily  broken  by  a 
^ast-iron  ones  are  subject  to  hidden  voids.  All  are  subject  to  jars*  and 
om  moving  loads.  It  very  rarely  happens  that  the  pres  is  equally  dis- 
'  the  whole  area  of  the  pillar ;  or  that  the  top  and  bottom  ends  have  per- 
at  every  part,  as  they  had  in  the  experimental  pillars  f  Cast  pillars  are 
cily  straight,  and  hence  are  weakened. 

pillars  intended  to  bear  beavy  loads  should  not  be  oaat 
ouldings  as  a  a ;  or  with  very 
ises  or  caps  such  as  ^,  Fig  19.        ^t 
lat  these  are  weak,  and  would        '^^ 
ider  a  much  less  load  than 

the  shaft  of  the  pillar.  When 
ing  ornaments  are  required, 
be  cast  separately,  and  be  at- 
prolongation  of  the  shaft,  as 
>ins  or  rivets. 

,  it  is  better  to  adopt  a  more 
of  base  and  cap,  which,  as  at 
t  in  one  piece  with  the  pillar, 
keniug  it.  0 

Strengrtb  of  wooden  pillars. 

states  that  while  the  quantity/  of  material  is  (he  sanM 
s,  uo  strength  is  gained  in  hollow  ones  by  making 
s  {greater  at  tbe  middle  tban  at  tbe 

that  in  solid  ones,  with  rounded  endSf  there  is  a  gain 
part ;  and  in  those  with  flcU  ends^  of  about  1th  or 
making  the  diam  at  the  middle  about  1^  or  2  times 
ids.  Also  that  a  uniform  round  pillar  has  the  same 
moderately  tapering  one  whose  diam  at  half-way  up 
le  unifonn  diam  of  the  cylindrical  one. 
when  a  flat-ended  pillar.  Fig.  2,  is  so  irregularly 
le  pressure  upon  it  passes  along  its  diagonal  a  a,  it 
rds  of  its  strength.  Hence  the  necessity  for  equalizing,  as  far  as  possl- 
lure  over  every  part  of  the  top  and  bottom  of  the  pillar ;  a  point  very 
>cure  in  practice. 

—  '  '■■  ■■■■■  «  ■  -■■■-     ■  ^  ■  — ^»^^^^— ^,  I  ■  I       1^        i^i^—— ■  l^  ■       ■ 

ikilfal.  experlAooed,  and  intelligent  flrm  of  Smith  A  Lalrobe,  dv  rags,  and  bridg*- 
nore,  lid.,  Tbe  Baltimore  Bridge  Co. 
It  oaaei,  both  ends  of  iron  piUari  iboald  be  turned  or  planed  petCQcU^  trM'^^aVi^HBi^ 

&0. 
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GzperlmrnlB.  Sfny.  1873,  irllli  PboinlK 

I'-ngtha  tir.villi,'  rnim  1  lo  U  dinniB  iii..iiiuri^l  ^oruui  Ifae  luirrei,  oi 

luIudiiib:  kiii^  llmt  wlien.Bpfljliig  hl>  rule  lu  tlie]>b(gi]l^  Uh  dirtlniii* 

Uii  Ihl'  1  imiti.rj.  uU  tfiB  BijwHniBBM  >lioivod  ■  •nllSiiclorj'TwIiioiileilia'  ^i^^ 

tUo  C4trr''i'liitfa9  ft  Gordon's  vioivB.  Tbejr  uerBly  pruv«d  LhmE  Ihe  fariyndbf  I 
nf  Ihe  Plwiiii  lira  Ik  ■lniaK«r,dlipMitloii  ur  Uh  miHU  tbui  to  mc  Irta  InT^^^ 
Ihe  (jWokH-u  u(  the  lurrsl.  Ilia  diuiKu  liBfond  ItaeDular  circDmruf  Ibieir 
itiu  ■luiul  .H  OS  iDUcli  Imu  ua  tlie  ulrele  il«lr;  sod  if  tUe;  were  unnl  to  k<' 
■.1BIMI  of  ^  tu  tlie  diTMinf  (will  of  oiDrM  lUe  iliiin)  of  tlis  Btrabi,  vdiboit 
lie  UilakoEHs,  tlie  rsHiiliing  cylloilriciil  colnmn  ironid  be  eiC  ]eii»  u  imnia 
Plinnix  uitb  Itoe  aiuue  qniuitllf  of  luataJ.  Tbe  writer  indeed  in  of  IheanMl 
..  ......1  .      . ..  ^.  ",r,|on-i  conHlcient  of  BtlHW  Ibe  nkM^ 

lliey  lKC4ine  hilKl>llr  orippM. 

rrouglit  Iron.    A  PboinlK  wlUi' 

eln^iiBlh  of  [be  «|it  en, 

■j^  is  bni  liBpotfBoOy  ui 


WQQDEIT  FILLABS. 

The  ittengtbi  of  pLIlBre,  aa  wcLl  u  of  l>e»nu  of  limber,  depend  much  m  lb 
■ree  ol  aCHUUnlac.  HoditklDeunfauiHl  thai  perreatlynsBsaiied  bluoka, 

Bodoniielj  drj.    This  ihould  li«  borne  lu  uilbd  wbeii  bnilding  wilh  grow  I 

In  ImpoKUDI  pne lice,  tlni lie r  tbould  oot  Iw  tnuted  witli  men  tb>a  Utcr; 

«AlculBUd  uruHbloj^  lowl;  *nd  for  temporarj  purposee,  uoi  uioni  thmiMto' 

The  iCrengtba  of  muodeu  pillars,  Uudgkineon'i  ruin,  ire  eutlrttj  IoCV*f 

Mr.  Cbnrleia  HiMler  Smith,  V.E.,  of  Baltimore,  nw^mnH 

n>llOwl»B  forniulB  h>r  the  briiAkIng  lands  of  elilier  iqaw  oi  n« 

pUlan  or  posu,  of  modenitflT  eeuuned  wlitto,  imJ  irmiimuD  jrellow  pine,  ^ 

eoda,  Drmly  Qx-'d,  uitd  eqoall;  loaded,  tused  avaa  eiperlmeiiCB  by  hiraintr. 

It  is  QurdnD'B.forninbkiidlLpted  to  tliode  woods;  nnOglirv*  resuLls  but  tbiml' 
(reel  hi  Hudskiiuoii's;  allhougb   these  gilnea  ire  probsbly  uf  tmu'l    - 

C«lfelllieratd«otlhBBqtt«»,otthBleiielildeof  IborooloBBle,  IhotTM 
Brenkg  loiid  ill  Bm,  porl  ^"W 

""^-  pTfiir  of  w  ry'  ;\:.  |  ^  i + (ii^Sr^  x  •««) 

Es.  BrealEgload  persqiDcb,of  hwhila  plus  pjllur 
1»  =  1«; 
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tmith'a  rommlL    (Origiiu].) 


Side  orsqnnr*  pine  itlllar. 


BRXAKINQ  LOAD. 


Bide  of  MiiiMre  pine  plllnr.  In  IncIieH. 
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Txblo  or  brpuklDK  lond*  la  tonn  oftiquan  pine  plUM%^ 
Bdt  ends  Hrn>l7  axed,  and  cqu-llylowled.    (C^Diiuiwl.)        ■ 

Ortgidll.                                                             1 
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Sld«  «r«|narc  plae  pillar.  In  Inches.                ■ 

i!i  1  'H  1   B   t  an  MS  1  «•«  1  •   I  »4  1  >H  1  >K  1   Id  1  iiet  1  m^ 

III 
1;  lii  ft! 

i 

K 
If 

1 

1 

i 

1 

i 
i 

1 

si 

i 
ill 

s 

1 

1 

1 

1 

ij 

1 

1 

I 

i 

s 

1 

Bide  or  square  pine  plUnr,  In  inetae*.                ^ 

IM,  (    11     1    IIM  i  Ua  1    llh    1     l>     1     1 

..M    ,.,,.,,. .,,.„,..■ 

BSEAKIMQ  LI 

AD. 

~'«™ 

^f 

"•i 

1  lil'il 

1  1!  1;  11 
it  111  s:  Si 

5  S3  SI  S 

6  K   SJ   S:i 

lii 

1 

1 

:i 

it* 

1 

n 

i 
'II 

si 

1 

OMIillBHl  (»■  Hit  piee.                                                      m 

r     J 

BTBENQTB  OF  WOODEN  PHXABS. 


>r  fcr«Bhlii[r  looda  fn  tons  of  sqiiBre  pIIIdFa  of  bMf- 
I  wUto  or  BomnioB  yellow  pine,  wltb  But  euda 
Ised,  aadeqiwlly  loaded.     B;  C.  Sli>J>r  enlib'i  tormuln. 


!■  table  wu  partlj  mH^  b: 


QriEinal. 


SIda 

or  square  pine  plllnr 

n  t 

ehei 

.. 

W 

la    1   1 

*    1    16    1    16    1    17    1    IS    1    m    1    20   1    El    1    22    1    2S    1    »1 

aa 

BREAKING  LO*n. 

Tmi 

&     ^ 

466 

Mfl 

623 
CM 

me 

ISO 

847 

Ml 

ii 

IIM 

126S 
ISBfl 

* 

*-M 

400 

208 

1       339    1   4O0 

IM 

$:» 

sss 

1032 

i  1  S7: 

iss 

an 

sae 

260 

363 

487 

02S 

.      224 

SOi 

248 

m 

7M 

OW 

M 

2M 

32* 

3as 

tS6 

i* 

I07 

131 

18T 

■^ 

a^i 

376 

ut 

386 

«fl 

hea 

<3S 

721 

30 

1J3 

214 

2i9 

035 

12S 

169 

S92 

fll 

14^ 

36a 

tsb 

m 

J90 

m 

-Me 

«8 

1      77 

»o 

l6t 

las 

40 

91 

Hi 

4M 

»oO 

43S 

S63 

S0» 

369 

46 

143 

us 

48 

i 

es 

SB7 

M 

c« 

ai 

34T 

62 

i« 

as 

2ia 

2S3 

|3B 

IK 

1»3 

228 

62 

SJ 

wi 

m 

60 

2Q 

43 

sa 

179 

m 

flfl 

134 

70 

as 

w 

i 

sr 

80 

13i 

lie 

23 

S9 

70 

es 

90 

Zl 

ia 

14, 

24 

Vo 

Si 

97 

34 

il 

0 

23 

la 

a 

25 

37 

3S 

4« 

H 

160 

29 

6 

7 

m 

ISO 

t 

so 

Ha 

SI 

6 

_i- 

^L 

-  ^° 

_li 

.Ji 

IS 

at 

ae 

al 

300 

242  STRENOTH  OF   WOODEN  FILI.AItB. 

TKbiB  of  breitktnK  loitdB  In  lom,  or  In  Iba  p«v  m^  Imtik, 
cross  section  of  liulf  ■osoned  square  pino  pillars,  wk 
belcl»a<tr«  ■neaaarodkj' on«  of  their  sIiImi.    SyaBbdvte 


:r." 

S3 

„Lo.n  ,««=.. 

n 

■■uiDraniK. 

11 

u»m 

«.. 

II 

«LDn.. 

B,e 

=  £ 

-S 

LM. 

LImi. 

Zissi 

(1 

.luW 

.DOM 

W21 
4S20 
4U» 

1 

S 

1148 

M 

;i8M 

11 

"7 

.(MM 

i'tni 

* 

'.m7 

1032 

■'siJ 

mI 

ll 

.0831 

IJBM 

«fll 

32 

'.  MS 

:»«! 

348 

i.m'! 

880 

.4M 

J78I 

eo 

SOB 

'.  4US 

3)6 

3173 

.;i447 

.sfi 

*>B3 

Imm 

li^ia 

-J'KW 

7IW 

ee 

2!iie 

i 

.Mia 
.asM 

047 

«» 

'm 

«1 

■s 

:>r^ 

44 

H2 

M 

:i"a 

246 

f^ 

Im:^ 

so 

4S 

MO 

i43 

21 

236 

2a 

*T 

12-263 

!7ie6 

le 

.aiM 

;t 

JWTS 

2G 

!e3so 

jMai 

•Mel  plllam.  Mr.  Klrknldy  viparimenlgd  with  ■  tniAll  XhI  p 
or  Bliuitrlitits.  ll»»iiLl  A  Ca'ub^iniuuiineuiiB  miitiU.  Itx  Iruistli  »u  4  ft,  o. 
tiDtwdliinilKJnch:  lnm'T<lUiii  (U;  llikknoH  ^  liicb.  Ann  of  cram 
tifiaw.    riilvDdn.    Uuil«rn3uai£*,  or30t<>iutuTal  pniHDn,  orll.U 

loni  tiitnl,  or  ISIOaa  inr  bi^  IdcIi,  u  Ilm  nlliiuue  lumd  rornwrunght-lrui 

Mi.  M.  0.  Love,  Purl!,  u  tho  molt  of  m  trla)  Willi  smMl  steel  roi 

Inch  dluD.anil  whlcli  biu]  ulenBitc  alrsniilli  of  48l<>jHpei»  lncli.aagg 
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hen  the  span  of  a  bridge,  roof,  &c,  becomes  so  great  that  single  solid 
:ed  at  their  ends,  cannot  be  employed,  we  resort  to  compound  beams, 
m,  composed  of  several  pieces  so  arranged  and  united  as  to  furnish 
gth.  The  desigriing,  conntruction,  and  erection  of  trusses  of  great 
y  when  of  iron,  involve  such  a  multiplicity  of  important  detail,  that, 
ing  of  locomotives,  cars,  &c,  they  have  become  a  specialty,  or  a  dis- 
r  l>usines8,  to  which  peraons  confine  themselves  to  the  exclusion  more 
r  de]>artments ;  and  thus  attain  a  degree  of  skill  beyond  the  reach  of 
gineer.*  The  latter,  however,  should  possess  a  knowledge  of  the  iub- 
nt  least  to  enable  him  to  form  u  well-gruuiided  opinion  of  the  general 
dgn  ;  and  to  guard  him  against  the  adoption  of  one  involving  serii'US 
In  a  volume  like  this  we  can>im  at  nothing  more  than  an  attempt 
»me  few  general  principles.  Wo  shall  confine  ourselves  to  such  trusses 
non  use;  showing  first  the  effects  of  uniform  stationary  loads,  as  in 
>fs ;  and  then  those  of  moving  loads,  such  as  an  engine  and  train  on  a 

Tost  of  the  bridge  trusses  in  common  use  have  two  long,  straight,  par- 
id  lower  members  1 1,  ap;  andZ  u,aj>.  Figs  10, 11,  p.  254,  called  tjie 
in  England,  the  booili8.  Vertical  pieces  placed  between,  and  con- 
•per  and  lower  chords,  ure  called  pofits,  when  they  sustain  compres- 
'tlcal  ties,  or  suspension  rods,  &c,  when  they  sustain  tension 
>blique  pieces  seen  in  these  figs  arc  called  braces,  Strut-bmces* 
!es,  &c,  when  resisting  pres  or  thrust;  or  tie-braces,  tension- 
kin  oblique  ties,  obiiiqiue  suspension-rods,  Ac,  when 
.  Sometimes  the  same  piece  is  adapted  to  bear  both  tension  and  com- 
Qately ;  and  may  then  be  called  a  tie-strut  or  a  strut-tie.  The 
>ers  alluded  to  are  sometimes  called  main-braces,  whether  they  are  i 
to  distinguish  them  from  counter-braces,  or  counters.  These  ; 
hown  in  Fi^  10  and  11,  but  are  seen  in  Figs  28  and  31,  crossing  the 
liagonally.  These  posts,  braces,  counters,  ties,  &c,  serve  not  only  to  ' 
;hords  asunder,  and  to  prevent  thejn  from  bending;  but  to  transform 
strains  produced  by  the  wt  of  the  truss  and  its  load,  into  other  strains, 
idinally,  or  lengtfnvise,  along  the  diif  members ;  and  to  conduct  said 
;ho  truss,  to  the  firm  supports  of  the  abuts.  A  load  placed  at  any  one 
>ers  is,  of  course,  partly  supported  by  each  abut ;  one  part  of  it  travels        , 

alternately  between  the  chords,  and  along  the  successive  members, 
8  one  abut ;  and  the  other  part,  in  like  manner,  goes  to  the  other  abut.  . 
rs,  therefore,  perform  the  duty  of  the  vert  web  of  the  Hodgkinson 
ic  I  rolled  beams,  or  of  the  tubular  girder ;  and  on  this  account  are  col- 
1  the  web  members,  in  contradistinction  from  the  choi-ds.  Each 

load,  while  being  transferred  by  the  web  memt'ors,  from  the  spot  at 
ced  on  the  truss,  to  its  final  point  of  support  on  the  abut,  produces  a 
>  itself  upon  every  vert  web  member  along  which  it  travels  Itetween  the 
3  ;  while  upon  each  oblique  member  encountered  on  its  way,  it  produces 
ir  than  itself,  in  the  same  proportion  that  the  oblique  member  is  longer 
e. 

e  web  members  are  strained  by  compression,  or  by  tension;  or,  in 
whether  they  act  as  struts,  or  as  ties,  the  amount  of  strain  will  be  the 
ler  case  the  straining  agent  is  the  same  identical  force,  namely  the  wt, 
f  gravity  of  the  truss  itself,  and  of  its  load ;  and  (Art  18,  of  Force  in 
whether  this  force  exhibits  itself  as  a  jmsh^  or  as  SLpull^  neither  its 
;s  direction  undergoes  any  change.  So  far,  therefore,  as  regards  the 
e  involved  in  the  duty  performed  by  the  web  members,  they  might  be 
Y  into  verticals,  and  obliques.    We  shall  frequently  so  desig- 

mount  of  strain  the  upper  end  of  an  oblique  produces  in  one  direction 
per  chord,  that  same  amount  will  its  lower  end  produce  against  the 
chord  ;  but  in  the  opposite  direction.  That  is,  if  the  top  or  head  of 
•ushes  the  upper  chord  toward  the  right  hand  ;  its  foot  will  pull  the 
to  the  same  extent  toward  the  left  hand.    This,  however,  is  not pre- 

ter  to  whom  we  are  indebted  for  a  knowledge  of  correct  pT\T\c\p\e*  on  \Xv\%  «v^\«X\^ 
K.,  the  first  edlUoa  of  whose  book  (bejond  all  doaY)%  t\\e  p\ou««T  ow<£^\i«.*x&  ^i^v^, 
847.    Be  was  followed  bjBow^.  orEoglnod,  and  Houpt.oT  tma  cowmTx,"V»iV.\v\TvV&"V. 
top/e  bridge  (of  which  Mr.  Joiin  W.  Murphv.  C.  E.,  b«A  \»tA\V  wi«x«\^\  xJaaVw.'O 
aetetwoseaaemou,  ' 
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ciMly  correct,  inasmuch  as  \i-hcn  the  oblique  is  a  strut,  the  pres  at  its  i 
what  greater  than  at  its  liead,  because  the  foot  supports  altfo  the  wt  i 
itscUf;  or  if  the  oblique  is  a  tie,  with  its  head  attached  to  the  upper  chor 
btraiu  is  a  little  greater  at  the  head  than  at  the  foot ;  because  then  the  h 
the  wt  of  tlie  oblique,  and  the  foot  sustaius  none  of  it.  Tliis  remark 
course,  to  verts  also.  Another  exception  is,  when  the  ends  of  two  ob 
each  other ;  as  those  at  the  center  of  the  trusses,  in  Fig-*  10  and  11.  If,  Id 
the  ends  of  tliu  oWliques  abut  against  eacli  other,  instead  of  being  separati 
to  the  chord,  they  will  at  that  point  exert  tlieir  strains  against  each  othei 
against  the  chord.  This,  however,  does  not  cause  the  chord  to  be  a 
straini'd  at  that  point,  as  will  be  seen  hereafter. 

In  any  o])liqae,  as  c  </,  Fig  1,  the  vert  dist  u  c  between  Its  ends;  and  t 
a  d  between  the  same,  are  called  its  vert  and  hor  spreads,  ur  sirc 
readies. 

Art*  3*  There  is  a  great  diif  iji  princir>le  between  two  classes  o 
common  use.  In  some  of  them,  two  chords  are  absolutely  essentia 
Howe  truss,  p  283;  the  Pratt,  p  284;  the  Lattice,  p  285;  the  Warren, 
their  various  modifications,  known  as  the  Murphy- Whipple,  the  Linville, 
(kc,  &c,  which  differ  only  in  certain  unessential  details.  In  the  Howe 
trusses  there  is  no  diff  whatever  of  broad  principle.  The  distinction  bet 
consisting  chiefly  in  the  fact  that  in  Howe's  the  verts  are  ties,  or  suspe 
and  the  obliques,  struts;  while  in  Pratt's,  the  verts  are  posts;  and  the  ol 
In  all  these  the  strains  on  the  verts  and  main  obliques  (not  on  the  counte 
at  the  center  of  the  truss;  and  increase  gradually  toward  the  end  of  it; 
on  the  chords  (as  in  an  ordinary  wooden  beam)  are  greatest  at  the  cente 
at  the  ends.  Hence,  also,  such  are  culled  beam  trasses*  The  str 
counters  are  also  greatest  at  the  center. 

But  there  is  another  class,  called  suspension  trasses,  of  whic 
Figs  26  and  27  ;  and  the  Bollman,  Figs  2'J,  24,  25,  are  the  principal  repi 
In  these  but  one  chord  is  essential  for  a  perfect  truss.  See  Figs  25,  27. 
cliord  Uie  web  members  are  suspended ;  and  to  it  alone  do  they  all  tr 
strains ;  and  the  strain  upon  this  chord  is  uniform  from  end  to  end. 
show  perfect  bridges,  with  l»ut  one  chord  each.  lu  Figs  24,  26,  nn,ni 
be  chords ;  but  strictly  speaking  they  are  nut ;  they  are  merely  longitu 
for  upholding  the  cross-beams  of  the  flooring,  when  the  roadway  is  pi 
bottom  of  the  truss.    They  have  not  to  resist  tension,  as  in  beam  trussei 

In  All  the  roremeatiooed  trusses  the  roadway  may  be  placed  on  either  the  top  or  the 
oonatltntiDg  in  the  first  case  a  top-road,  or  a  deck  bridge :  and  in  the  second,  a  Bon 
THRODOH  otidge.  When  a  given  height  nf  headway  is  required  beneath  the  bridge,  ther 
trusses  whose«ttd  web  members  are  ohUqueM,  be  a  saving  of  material  in  the  end  support 
(whether  these  be  of  masonry,  or  of  iron  posts)  by  placing  the  roadway  on  the  lower  < 
the  Bollman  and  in  the  Fink  ausperuion  trusses  there  need  be  no  difference  in  this  res 
changes  In  the  mode  of  action,  (whether  as  tension  or  compression.)  and  also  in  tl 
material  in  the  trusses  themselves,  are  dependent  upon  whether  the  roadwav  is  at 
bottom  of  the  truss ;  but  these  will  be  more  fully  alluded  to  in  their  proper  places. 

Art.  4.  That  part  of  a  truss,  such  as  Figs  10,  23,  23  a,  Ac,  that  is  cc 
tween  two  adjacent  verts,  is  called  a  panel )  thus,  in  Fig  10,  eijd,  dj 
in  Fig  31,  of  Pratt,  tynw^is  a  panel.  The  Triangular  or  Warren  true 
Figs  '£iif>,haji  no  verts,  as  essential  purts  of  it;  and  its  subdivisions  are  ci 
triangles ;  an<l  a  panel  is  a  length  of  truss  equal  to  the  width  of  a  trial 
are  sometimes  added  to  it  when  the  spaces  ah,  be,  r  d.  Fig  11,  become  t 
safely  supporting  the  roadway  without  them ;  thus  dividing  the  truss  in 
els.  It  is  not  a  matter  of  practical  importance  as  regartls  strength,  i 
number  of  panels  in  a  truss  t)e  odd  or  even ;  but  it  is  usually  even,  with  i 
center  of  the  truss.    In  Fig  \,abco,hdo  v,  are  half  panels. 

The  most  economical  inclination  of  obliques,  as  regards  the  quantity 
in  the  web,  is  when  their  least  angle  (tpo,  or  son,  &c.  Fig  10)  with  the  « 
This  applies  also  to  the  admirable  Warren  truss ;  in  which  the  trinngles  a; 

usually  nuide  equilateral.      When 

groat,  and  the  height  of  truss  corresp 

if  the  panels  be  made  square,  or  nea 

a  view  to  secure  this  inclination  of  a 

the  obliques,  the  verts  (as  to,  sn, 

will  become  so  far  apart,  that  the  a 

dists  po,  on^  &c,  become  too  long  tc 

upholding  their  loads  of  engines,  cai 

out  aAAvlvoTv«L\  ^Tc^cawiUcwvs.     When 

tYie  expex\«e  or  \tveQTv^«Ti\euMT««dii3e 

vrot\\d  Vj«  \oo  grew\.,l\"v*  ^«t\»  iMq ,« 

placed  fto  uoat  tA%«t\k.%i  «a  Xo  ihS 
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n  they  are  long;*  and  tho  obliques  (buth  the  main  ones,  and  the 
then  run  across  one  Turt,  aa  in  the  Fig:  or  across  two,  if  ncces- 
rren  girder,  the  expedient  is  to  introduce  verts ;  or  else  a  second  set 
I  Fig  1,  omitting  the  verts.  From  8  to  12  or  15  ft  apart  are  ordinary 
bridges  of  moderately  largo  spans.  Frequently  panels  are  made 
her  tlian  long;  disregarding  the  economical  angle  oi4b°.  In  large 
a  obliques,  instead  of  being  each  in  one  piece,  are  usually  made  of 
illel  pieces,  disposed  in  such  a  manner  as  to  let  the  counters  pass 
agonally,  without  mutual  interference.  Each  lower  chord  (and  fro- 
ir  one  also)  in  large  spans,  is  usually  made  up  of  several  parallel 
)r  bars  of  iron,  side  by  side. 

ke  Bridge,  England,  a  transverae  seotlon  of  each  lower  chord  iboiri  14  iron  bars, 
niploj  Buialler  beams  aud  bars ;  and,  moreover,  secares  greater  trtith  of  Unu : 
;  the  tendencr  to  lateral  or  sideways  motion.  It  in  no  way  affieeta  the  amount  or 
node  of  calculating  them ;  but  is  a  mere  matter  of  mechanical  expedianoj,  or  of 

s  is  very  high,  the  posts  are  sometimes  made  as  in 
id  c  are  the  upper  and  lower  chords ;  and  pp  a  post 

0  hollow  cast-iron  pillars,  bolted  together  by  their 
8  8.  At  <ff  is  also  placed  a  hor  +  shaped  casting,  of 
3r  extreniitiiis  of  which  serve  to  keep  in  place  the 
stififening  the  post  sideways. 

rs  are  in  use  for  building  or  composing  large  posts,  M  well  m 
leans  of  T,  -(-.  U,  H,  0,  or  other  shaped  irons,  riveted  together, 
low  column  of  the  Phoenix  Iron  Co.  of  Philadelphia,  (p  293, 
-iUars,")  is  coming  into  very  common  ase  for  such  purposes, 
n  may  be  made  of  round  or  square  bars ;  or  of  flat  ones  joined 
ans  of  splicing-plates,  as  at  »,  Fig  S7,  of  "  Strength  of  Mate- 
or  pins  passing  through  eyes  at  the  ends  of  the  Iwrs :  see  Fig 
low  modes  of  Joining  the  beams  for  lower  chords  of  wood  so  aa 
pper  chorda  sustain  compression  only ;  and  need  but  a  simple 

ree  expansion  and  eontraction  firom 
temperature,  when  the  span  of  an  iron  bridge 
:)ut  75  or  100  ft,  one  end  of  it  should  rest  ui)oq  roll- 
lier  device  (see  p  295)  be  substituted  for  the  same 
be  neglected,  the  abut8  will  bo  exposed  to  displace- 
to  be  sufiBcient  to  resist  the  expansive  force,  the 
►o  likely  to  buckle,  if  of  wrought  iron ;  or  to  be  five- 
iron,  or  having  a  cast-iron  upper  chord. 

imagine  lines  crossing  the  panels  diag,  as  the  main  obliquefl  shown 
,  in  the  opposite  direciion,  ns  shown  in  Figs  28  and  31,  they  will  rep- 
r-braces,  or  coanterA.  These,  like  the  main  obliques,  are  m 
I,  and  in  others  ties.  Although  important  memhers,  they  are  less  so 
iliques.  They  are  unnecessary  when  the  load  is  uniform  and  station- 
assumed  to  bo  the  case  in  roofs:  and  are  required  only  when  the 
>r  a  moving  one,  as  in  a  train  crossing  a  bridge.  In  this  last  case  they 
the  span  is  but  partially  loadtHl.  If  the  train  at  any  moment  covers 
ind  is  of  uniform  wt,  their  action  ceases  for  that  time.  Tlieir  ofBoe 
eract  the  deranging  tendency  of  the  unequal  loading  of  diiT  parts 
hown  in  Figs  vX^*  P  '^^53.  In  Fig  9  6,  an  excess  of  load  along  a  o 
range  the  main  braces  // o  and  ta;  and  this  would  be  counteracted 
M  CO  and  t8.  The  same  thing  may  be  effected  by  arranging  the  main 

1  as  to  bear  tension  as  well  as  compression.  The  bad  effects  of  une- 
plainly  l)econie  greater  in  prop()rtion  as  the  load  is  heavier  than  the 
when  the  bridge  becomes  very  heavy,  so  that  the  load  must  extend 
els  l>efore  its  effects  become  serious,  but  little  counterbrucing  ia 
t  at  and  near  the  center  only;  whereas,  in  a  very  light  bridge,  the 
extend  from  the  center,  where  they  are  most  strained ;  to  near  the 
strain  npon  them  is  least.  Inasmuch  as  we  shall  first  speak  of  urn- 
usses,  we  shall  not  here  say  more  respecting  counters.  See  Remark, 

*t  sight  appear  that  the  serenil  parts  of  a  bridge  truss  must  be  most 
>vered  from  end  to  end  with  its  maximum  load  ;  but  this  is  true  only 
nd  of  the  main  obliques  and  verts,  as  /  a,  tp,  Fig  10,  at  the  end8  of 
her  web  members  are  more  strained  by  a  part  of  the  loaA  «a\\.^«»»ft» 
so  that  if  they  be  correctly  proportioned  for  &  ixvW  \ovi^,>^«^  "^'C^ 


«iw»/ 1«  /ft*  harttontal  m<*iiKDrem«nr. ;  althnogh  thW  tmit  ^,  iinA  ^»t%*W's  \»»  « 
ren  oae,  or  height ;  thus,  in  Fig  81,  (y  or  «w  ia  l\i«  teTk^Q^  «t  Xibft  v*wa\  tn 
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t.     r      ■xr-.j^    a?       :  ul  '••  "aade  u  nr^nz  w  rh#  end 

-i^e«.  ajv  a<  r*    -.*:i    ■.•a:i:-r?u»,ui<;'*  Tie  ^av'ji^  ia  3iat' 

'r.ac  'r  ::!'-""rTi  luia.  ^-  -»i!i.l  Tr«r  r'l:  :  ":ie  ..irr^r  '>.ly:  ;kin 
itic  ?aj  :'■  :■.'*-:■  ""•f  n-'U- •!*.  iT  ■>:'.:i  j?  \':'.  ""ii-it-r  :a.- ^n-r 
■■."■  fcuv  :!•■  .evi;*..:' .'i  f":  --.a.  .-"S-is  ■:'  '  '  iirAi»iLi.iQ 
i5iir»~i.'».  T*;**  ^rr^A  It  m  r-?-*-*  ::a.  "■-  *  in:  *:ra  ill  rlii*  k'.-ura< 
'rjsi  'iir-i"-^-.  ■  -J.  uiT  ..  u^uii-  :i":i"v-: -.^  k  ?*:u-.**.  Tli-;  "<i::.e -I 
'Dm  u:»"*.T»  r  k  ••■■r  ;  T'i-jr:i.  iia^"  ii  — ■  -•■cr»-B^at  i  :on.  I'*> 
,-...iivi-!ii.Mic  vr.  -Miti,  r -rr:\i3..  unn.  nay  :s-.a  .>«  onHi  fi.T  aiea:»urii 
Tri'n"**"!.  -Ilea. 

7*it?    M-  ^'A  •■■!-»,  ia<L    i  l:  :"i"!i  .!■*!:■«■•. -.'r*  iienr:"a<'L  ron^tituti 

A.lei  T'to*^*  **'n  -It-  lii'    a-r.  -*    u*  y-'.Zrc  if  >>*i*c  '..Ct-iul  or  sidi- 
*:a'.*    r    irrt'iaic*    i  "m*::*      nr*  ^t  ■va^  riie  rr-iis  :    :li-*  pi-rs 

.■I   ■•■.:itf»-  ui  U'L't""    r  fc  ■'■w-'r  -u*.  ri  •(  i  '.'i"d,r-.  i*  ^ui  wa  Ar  9  n  in  ' 
•I  ■■  oiv-ia'i  JS>.   "l-r*  "::-   ~'*.'.tr.*  ir-  ■•-r»u.-r  T::a'iir  rh-*  ■»xrea"»io 

■"•I'lirvt    :s.t'u.  t    ulow  Th-  "■■siti  "■.»  T^ao'i  la'i  *•>  1>*-it-  ir.    Tli-»y  n 

■.:i.  Sim.-  .'  :r7.''F*  a  ia  lyt'^rr  .•a'.-pi    -i"  k  '..p-r  uJ  br.-ij??:  or  f'»r 
'»T  Ui  *M  :■■"■  *i'ini-  *«.'      r!i"  "jii  "-'r*:  ■•■»<r.*  ♦«,  \)f  cae  sime  Fic». 

-n«.'  '.miRK  "ic  'U:'f>fiT»  ax  tpauioiu^  :t.  »ip«\  riie  p«.'sti  p  aad  i/, 

*'-':£;au  "»■    a-.'    "t^*. 

iCH.     'te-Miivrt  .av    or-m*  *<  'n«*  ttr^adr  vmRnoi^L  '.htm  mre  Taanr  eth^ 

t.-<9:i-4  «r«   kl;"*i'JU«>1  M-.;(vr  w  jnHntn.  jwm-'e'^    •r'ntfr^ir  a«  lutiliarw*;  fuc 

■■"i  .1      IM  '*«■■•   fc>i*  *'"^JHi:    •*■*  '-i     *ifi  .:i-  ^i.""B.  '"  {  W.     A.!  :.ie:««  r««*e' 

»  ■:.■"  iifi   n*  <yir"  i*vi'   ■•.m   rk.iu   s:j«  ia-ic-««rv -i   i:'«reoiiM.  fr^m  tiw  r.u't 

:-'i'»j<*'»   aa.  •*'»•  .'x ■  en ■>! ■.■■•. V   a'p"i'ic-"i  i;'-'ii  ";;-•  -t.!--  «■!■>: a  ta**  •^"inTr.  the 

v>    a     ivrnv   'u^'ar^  ui-i  .rua»  u  Jit  pr»mi:  t.k/    uil  ^•aM^4'itfatiJ  fatled. 

l'k«nlBi.    Wa.^a  ^  '-'eaoi  j  X  F:j:  3.  ^npp^-rti^l  at 

t?:r!??r  uuil  *r  irs  <■«  i 
acti  Q  i-f  a  louil  pl.u 
?!;''P«-a  l»*il  froiu  it  U 
'.f.i*'-  th>*  low.-r  filir 

".  XT'  VU.'t&i    J. '*<«■/•■) 

■-•:;•**  ;it  u.  crus'ufii  ^, 

exr.-nt  a^  to  tiffMr  n 

a:n:t?.    The  fiic  •show 

what  ex  »s:«^ratrti  i 

tr»*nie  npiK»rpariii*li' 

tn-Mie  lower  •>n"<«  at 

*tTTi;"t''»L  ^v-'  wiv  3-««t :  in«i  :h«*  "trensTth  of  th"  beam  Neinjr  then-l 

aU,:av'-  i:    u  -^  ^•^"  wu.y  •.::  rij  i-i  *:;i.ve!*i*i.in.    Thi»  ct»mpri»S!«e<l  j»ari 

AT^'  .1.     ■  •■  r'   k  "?Tra;ti  ji^ia:  •« :  w:ii>  :h«»  ext-'mlej  one."'  are  hlnw  i 

.*:i    :'i»::  «>■  ri:f   i.-i-i;*'  :.'  V  a-ii  p^erp  to  thi"«  pa^«*.  and  in  that  pt 

::ir  -.li".  :»•■  ['•■i-i:  i,  pa>«iu^  •'nur^hj  rhn^H'j'i  the  t»eara.  i^r  pag»».  tl 

ri:i ■■  '-.w',:'  :hu-  ■.ii.iil'  »ii:  p.iss  :il>n;r  what  is  rallfil  the  neutral  n 

Ir  ;■«  si^  :ik;u  "i  l".'c.i:is»'  th'*  flbres  <itiiAteil  in  that  line,  and  which  \ 

til.'  :j.v.ll '.  an-  nei'hor  0'>inpr»»Afed  ni»r  extemltil,  until  the  etniin 

lint  «'n  ■.[->  reiu<«\ai  the  h.'am  will  n'»t  entirely  recover  itself:   o 

v.titil  tiii'  "*tnkin  exce«»d"»  the.'/.»*f*c  Z<wii7i»f  th«»  beam.  Within  the  li 

ttio  ueutml  axi!}  may  be  juk>umed  to  past?  thri>u;;h  tlio  cen  of  ^ravu 

of  the  lieani.  Thus,  if  the  i- 
any  of  the  forms  ."jhown  in 
as  the  beam  is  safe,  or  th' 
ehustic  limits,  th<>  line  mi 
cen  of  grav ;  which  is  at 
neutral  axis. 
Now  the  parallel  np|»er 

f/i/frnhh'  ox  tent,  in  tlifs  same  coiiditlon  a^  tV  viv\h't  awvWovjvT  ^V 

^V,7;  /or  tho  trtiXK  ulw)  luui  its  neutraV  ax\*-,  a«  VWV  uW  Ww 

'  finnl  „rn  rM/ij;;n-MM*'I ;  and  all  those  ol  l\\e  \v>\Ner  owy  ^v^  v?^m\v\ 

"II  /..-  r-hnrtlH  uro  of  tliH  Hamo  f  ize  ami  *Yvav*',t\\\«  ax\»v!\\\\^\\»A 

t  ,u  tin*  n'liUT  «'  the  lu'urht  of  the  tru^B.     \i  v^^«  cXiox^a  t>* 
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en  tbe  centers  of  gray  of  their  cross-sections.  The  same  quantity  of 
ver,  that  composes  tbe  beam  a  6,  Fig  3,  will  present  far  moi-e  rebist- 
S  or  breaking,  if  it  be  cut  in  two  lengthwise,  and  converted  into  top 
)rds  of  a  trass ;  for  the  re:i8on  that  both  of  the  chords  are  then  so  far 
Lhe  neutral  axis,  that  all  tlieir  particles  are  strained  fo  nearly  tJi*.  mmn 
me  time ;  so  that  all  the  fibres  in  the  upper  one  must  be  crushed,  and 
I  lower  one  be  pulled  apart,  at  Vie  same  instant^  before  the  truss  can 
rea«,  in  the  single  beam  a  6,  the  extreme  upper  and  lower  fibres  itrfak 
so  next  to  them,  and  so  on,  one  after  the  other.  They  do  nut  all  act 
iy  do  in  the  chords.  It  is  this  principle  that  gives  so  much  strength 
le  Hodgkinsou  beam,  &c. 

n  the  deslipiiliijp  of  trusses,  especiaUy  such  as  may  have  to 

nads  at  diflferent  parts,  as  in  a  bridge,  the 

to  be  aimed  at  is  to  dispose  its  various 

orm  a  series  of  properly  connected  tri* 

luse  in  that  shape  they  present  more 

lerangement  of  form,J^an  in  figs  of  a 

T  of  sides.    Thus,  in  tne  three  beams  at 

th  a  bolt  at  each  junction  or  joint,  the 

n  evidently  cannot  be  clianged  by  any  but  a  force  sufficient  to  either 

either  the  beams  or  the  bolts.    But  in  the  4-sided  fig  6,  the  form  may 

iiged  to  that  at  c,  by  a  force  at  n  entirely  too  small  to  injure  either 

he  bolts.    In  a  the  bolts  assist  to  prevent  change  of  form;  but  in  h 

y  pivots,  around  which  great  changes  may  easily  take  place. 

tbe  fltrninR  on  any  tnisa  eaD  beeorreAtly  «al«ulttted,  and  its  parts  properly  proper- 
rates,  m  «Ei«HT  MgsT  Bc  kmowm;  for  thin  tends  to  break  it,  a«  well  a«  the  extrane- 
B  tbe  other  hand,  we  caauot  learn  its  jvt  until  we  know  tUe  sixeof  it«  (Jiffmeuiberf. 
ire  mnat  a»*ume  for  it  au  approximate  wt,  ba^sed  upon  our  knowledge  of  sumewliat 
Iready  built.  This  beeomeii  the  more  neeeMary  as  the  truss  iiicreaseN  ia  size,  so  that 
lea  creater  In  proportion  to  that  of  the  load.  The  table,  p  298,  gives  aaft  assumed 
tsses ;  and  p  298  will  aid  in  tb<<  ease  of  roofs.  lo  \*ery  small  spans,  eapeeially  of 
is  genermlly  «o  mueta  greater  ihaa  tbe  wt  of  tiie  (niM,  that  the  latter  miglit  almost 
neJj- 

he  ni«it  simple  form  of  a 

a,  obi 
ima&u 
a  gen- 
welght 
d  of  tta 
iveriug, 
may  (m 
liHonuir 
MS  the 
Dofeon- 
truaaea, 
omftto  . 
t  aome- 
,  aikdat 
c  The 
tgitudi- 
>.  Wiled 
niching 
le  wall; 
UrilHit* 
iM  and 
creater 

Ujen,  *ad  ai  tatervala  af  a  fiev  ft.  are  txed  long  pleees  of  tlmlMr  ealled  jNtrlf nc.  ef 
running  across  from  truss  to  truss;  to  which  tbe  latha  or  boards  are  naiied  whiea 
Kles«  tin,  or  slate,  Ae.  which  forms  the  nMf-eoveriag. 

'  sapporU  aJl  tbe  purlUu.  moT'Oovieriag,  aaow,  Ac,  tio,  whieh  eeeapy  llie  apace  hair- 
t  of  tt  to  the  next  troas.  Thus,  suppese  a  apaa  of  It  ft;  aad  eaek  rafter  to  be  14.8  ft 
tr«Mea  ai«  say  12  ft  apart  flraa  ceaier  to  oeater,  aad  if  «re  aasame  <a«  it  ia  generallr 
tha  wt  of  tbe  truss,  covering,  enow,  kc,  may  amoost  to  *•  tts  for  erer/  aq  ft  of  area 
sa  has  to  sotitain  ^QA  X  12  X  40  =  16128  lbs,  including  ita  own  weight.  Striedj  the 
m  sboald  he  omitted;  because  In  Pigiao  part  of  it  is  upheld  by  tfae  raftera.  It  la 
rever  ia  eomparisoo  with  ttie  load. 

tbe  strains  npou  tbe  diflTerent  parts  of  a  tmss, 

ret  calcntate  in  the  manner  just  shown,  tbe  entire  wt  in  9>s  of  a  truss 


f  trass.*  It  cottsfst*  of  two 


^agea  292,  294,  ke,  exbibit  details  of  modeaof  uniting  tbe  rarioaa  pieces  in  a  trusa. 
!,  will  be  foaud  remarks  on  the  wt.  *c,  of  roofs  and  trusses. 

given  by  Prof  Rankfne.  (see  bis  Cir  EngineeHag,  edition  of  1882,  p  470 ;)  by  Fen  wick, 
lies  of  Construction,  ed  1861,  p  109;)  and  by  other  anthoriU«a,  tot  ca;^\^«rkXi%  VM 
riiss^  is  exxtmeoua,  aad  unattft.   Bee  last  Xoot-aofce,  p  2S2. 


TlieatntlnBin  Fix  a  niny  bp  fiHina  In  (lie  britowini 

lUfraU  IMU.i>rauD  nlur  WOI  tu.  H-i  rill  oUiuUiM'aiili  rm  allk  tmitm 
OlHk  li^WDduU)  iiriBdsiu.  ilUi  lUe  ■muapllmi  ^^10  Bi  pu-  •«  n.  PiiU  im 
'  «tH im  hJs or  X  iDOb  w  i^pmcnL lOW  Ibi  ariUmwl  or nnlii.    If iki Bit 


of  nioliif  or  bmkfns  (town 


nnttdaairbmiLriiyerU;  uiTlllbQieDii.  Tba  TEMnva  r«A  tor  tbla  bit  p^^^Si 
'  TTIw  IbM  bTbihIi  n>n#rt*q4'lvilM«w*piMliHlwui1borflDIi£ii1t/(D  th*#Mal 

1to^tau>[udr;iq»iiuHitr>l«qHl  to«H<irUiardra»^  ■*  two nHq  pnEhor  BBBtMl 
flMomlnppulnlJWsiiQf  ]0ninah,upndiiH«ut(ralABlflO1bi.    BflvArtoBI 

nftv;  ffer  1WV  iqDftl  bn«  hi  opwtto  dlnttTaot  MK'Drt  tba  two  «d«  Bf  fe  ■iplTiwi 


1 1%«  welrht  or  OK  onllnnry  lothnl  miiiI  plitMcrcd 

■bunt  ll>lt«pi>r»|ft;  HDd  tkMt  af  •!>  srdlnnr*'  Bo«rarikln< 

T  Tbu  prtnelnle  ujiiin  nhicli  Dm  litiE's  I  K.  H  K.  hrcam^hS  mo 


tn<  niuTi  nom  nniti-iaK.  To  resiat  lliiiistr>itii,lheran«r 

HHr  l»d  equal  lo  litT  »•  •>"•  •>  ud  utuil  liad.  ud  In  mat  nipnt  pniOKii 
A,  LB  n^d  11*  Htlto  bmdih  tnA  itftk  bj  rbM*.  iitgv  IM^    Ts  Th»  ana  of  aanlnq 

™ILu<llFlc>,  brlHcninuHd  at  lUjiiM  PDh  •(  Uh  nlUr  liT  IhBnltU 
iMd.    DIilili  Ihii  Ulki  Hig  aimniii  «(  Soil  Ita,  Hm  lou  inrtat^  m  b< 


on  Uie  tie-beam  « 


Ab  Uttlic  vertleBl kinvrwi. » a,  ttmiwtbtBtronKeiKHwh 

ptn  M  inid  DQ  lu  top,  lbFlcrBiilljbLlal?uYD>lllltnil«lE>lU>DJipKaMl.rfIl 
.pm.-r.».°pl»blbrU»UQ(p«C{    .bB«>,uw.l>H.».,U41>«HGj)(|S 

W««dd  tkesiilenlntnl  npppBxlH«tedlm«B>lMMA 


To  nnd  the  nctiiMl  BnianiX  of  atratn  In  lbs  whlc*  I 
(kna  eoavej'  (iqid  [Lierafura  luihe  tool  uf  Uid  king-rnd.  dmresj 


ElM.*ia  Ilw  Ui«  lmilnUl>..l  itnla  Id  II.  up™  ^  «a'<>t  du  iliSIVThli  mM  S 
'SaniU'l*  t""  bnA  HI  biL  Tbelr  iHl  ire  pnurd  Is  iiUIUni  bj  llH  -nMilil  I'll 
Mm;  UKlItb  pnunn  iUmlatib«nii<ilir\r  ui'i^  Ihdiliailiiir  lafa.  MHnltB, 

kTPHain.aa.  Tberonirc,  each  Htrnt  mv  >><  re«a>4<t<iiW 
pIHitr.kearliiKiiIaiuleqnaltntJborXe.  N<»,  ibtnniirflli 
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rbloh  Is  equal  to  haHf  of  k  n,  or  one-half  of  the  wt  of  and  on  «  « ;*  and  of  the 
;wo  hor  stratna  •  k  and  t  v  neutralise  or  oounteract  eaoh  other,  hy  pressing 
he  feet  of  the  struts ;  and  therefore  only  the  vert  ones  e  •  and  h  t  pull  upon 
pull  it  to  an  extent  equal  to  half  the  weights  of  and  on  «  r  and  xu.* 

1,  therefore,  upboHls  in  all,  Ist,  the  weight  of  the  two 

ad  on  y  y ;  Sd,  luUf  the  wt  of  and  on  «  r  and  xu;*  and  4th,  ite  own  wt.    It 
ufficient  sectional  area  to  aafely  sustain  a  pull  equal  to  the  sum  of  these  four. 
I  by  means  of  the  tahle  of  bolts  on  p  S7tt. 
inl  to  the  sum  of  these  four  wts.    Draw  gm,  gl  parallel  to  the  rafters;  and 

enstons  of  the  rafters,  ab^ad,  commencing  with  wliat 

supported  at  the  ends,  bear  iu  mind  that  the  introduction  of  the  struts  ec,  A  c 
a  <i  b,  into  two  shorter  ones,  a  e,e  b;  each  of  which  sustains,  in  the  present 
load  of  aud  on  the  whole  rafter ;  or  only  )4  of  it  as  a  center  load.  Find  the  safe 
■t  beam,  with  its  smaller  center  load,  by  rules,  p  188,  or  by  table,  p  191. 
er  as  if  a  vert  pillar,  which  has  to  support  on  its  top  the  pressure  indicated  by 
in  doing  this,  remember  that  the  stmts  virtually  reduce  each  rafter,  as  o  6.  to 
e  b ;  which  require  much  less  area  than  the  whole  rafter  would.    This  area 
■ule  on  page  238 ;  or  by  the  table,  page  239 ;  and  added  to  that  r«)ulred  as  a 
•e  the  total  area  at  the  head  of  the  rafter.    See  footnote  p  191.    . 
>f  a  line,  U  E,  drawn  on  the  same  principle  as  in  Ftgs  5,  6^,  and  9,  (HI  being 
•T  and  load.)  the  amount  of  pres  which  the  foot  of  the  raftor  sustains  from  it4 
ig  on  it.    Divide  it  by  2000,  (or  by  whatever  other  number  of  lbs  may  be  con- 
ng  strength  of  timber.)    The  quot  will  be  the  safe  area  in  sq  ins  reqd  at  the 
and  added  to  the  areas  previously  found  for  a  beam,  and  for  a  pillar,  it  gives 
foot. 

iher  the  breadth  or  the  depth,  (not  both,)  of  the  rafters  regularly  from  foot  to 
le  total  areas  found  for  those  points  respectively ;  or,  which  is  generally  better, 
aghout  the  same  area  they  have  at  foot. 

n.  Here  I K  added  to/m,  or  to/l,  will  give  by  scale  all  the  pull 
de  this  pull  by  S333,  the  safe  pull  in  lbs  per  sq  inch.  The  quot  wiU  be  the  safe 
n.  Then  consider  one-half  of  the  tio-beam  to  be  a  uniformly  loaded  beam  sup- 
d  find  the  safe  dimensions  by  rules,  p  189,  or  by  table,  p  191.  To  these  dimen- 

found  for  the  hor  pull ;  the  sum  is  the  entire  area  reqd  for  the  tie-beam,  un- 
oade  to  compensato  for  the  cutting  away  at  the  feet  of  the  rafters,  t  See  foot- 
le calcniated  dimenAlonfi  for  two  trasses.  Tig  7, 

10  ft  rise :  and  12  ft  apart  from  center  to  center.  In  the  first  of 
di  ite  floor,  ceiling,  and  other  load*  are  assumed  at  the  rate  of  100  lbs  per  sq  ft 

second,  no  specific  load  is  assumed  for  that  member,  for  reasons  before  given, 
rafters,  with  their  roof-covering  and  load  of  snow,  and  wind,  is  token  at  40  lbs 
e  between  the  centers  of  two  trusses.  The  safety  of  each  separate  part  is  taken 
mloaded  tie- beam  is  fixed  bv  rule  of  thumb.  Timbers  white  pine.  The  great- 
case  is  the  depth.  Dimensions  in  inches,  let.  Rafters  8  X  10  at  foot;  and 
am  8X15.    Each  strut  4i>4i  X  4!^.     King- rod  IH  diam  if  upset;  or  2  ins  if  not 

is  better  to  make  the  struts  as  broad  as  the  rafters.  2a.  Rafters  6  X  8  at 
ad.  The  tie-beam  requires,  theoretically,  only  16  sq  ins  area;  we  will  make 
rs.    Each  ctrut  iM  X  ^Vi  \  (the  same  as  in  the  other.)    King-rod  ^  diam  If 

if  not  upset.    See  Note,  p  2G0. 
d  instead  of  a  tie-beam,  its  diam  would  be  1%  inch  if  upset;  or  1.6  if  not. 

9  is  a  truss  with  a  tie-beam  a  h ;  two  rafters  u;  a, «  6 ;  two  queen- 

r  ( ,  and  a  hor 
t  may   repre- 

loaded  along 
ng  beam ;  and 
I  along  the  tie- 
Df  these  loads 
exist,  as  in  a 
.ong  a  b  ;  or  a 
gawMh.  The 
esides  its  own 
,  of  and  on  the 
earn :  and  the 

and  on  u  y ;  s 
.If way  between 

These  are  the 
ueens;  so  that 
m  be  foutid  by 

The  parts  of 


ins  bear  half  of  the  wt  of  and  on  zr.orh  u,  only  when,  as  in  Fig  7.  the  incli- 
I  the  same  as  that  of  the  rafter.  If  the  strut  is  steeper  than  the  rafter,  It  will 
but  if  it  is  less  steep  than  the  rafter,  it  will  bear  less  than  half;  the  remainder 
)ome  by  the  rafter.  The  parallelogram  of  forces  will  of  course  show  all  this. 
IS  of  a  rafter  and  strut  are  not  equal,  we  cannot  draw  hor  diags  ik,v*c',  but 
U  *c.  we  most  draw  hor  lines  to  the  vert  diags  e  o.  and  h  n. 
of  the  struts  in  Fig  7,  renders  our  process  for  that  form  of  truss  in  some  meas 
loweversafe.  v     *    • 

t  so  LOKo  THAT  JT  MUST  BB  SPI.TCKD,  sllowance  Tciusi  Y)*  m«A«  Iot  wft  '^wawwa^ 
or  Splices,  seep  W2;  aud  for  other  joints,  p  tWi. 
\oeatijr  made  ot  wood. 


The  atritlBa  on  tbe  atmlnliiir-beani  d.    Ths  tior  Una  IHil 

■iTHdr  (onnl    On  rogUuv'p  in.      •'"''■  ■  ■  '^~ 

Thestralnam  the  Falters,    l^ril.  comldcr  a.  nftar  wa  •■  ^ 

^■i^'oribrrann  u\"iuU."'ntrd.  dims  ™  'mt'atr.an.iiJ  iS"^  'i^  li^wS 

pruilr  lor  mtHIni  Iba  irublnt  •■•cl  il  thtt  •nlil.    li]i<  Uili  irei  I'l  Lba  m  inndM 

ua  inn  will  IH  tbs  UIU  •«  A*  Ibi  tmL    Wi  lur  dimlolili  U  iba  Up  ;  ar  umf  malBltM 

TfcB  UtNbeMII.    The  hot  rtrntn.  or  pull  i>n  the  tie-heun,  mill  b*  mb 
hafl4lB|  UmteT  vIEl  bev  «llb  h  »retr  d's.      ' 
dliMliihiaBbriaBrtHm&br  nlfd.iiiaV;  bv  utUi,  p«im  init  or  ">(.•■  Auijr  ba-r«(|4 


AliiraaidliiimiapMalF'IsT.    IR.  BalUnUi 
K  Mo^' iTTi  *«"' "liLi Sa'iuf'i?''    U""°'°f|'"'ff '"™**' '■J  "  *"r 

The  propor  alae  ftor  encli  piece,  ao  Outt  tfuy  aAall  oil  ten 

For  more  on  roar  (rnaaea,  lea  pp!S;  [oSe^i  ^M;  and  2fts  ta 

tLs  ppliiHple  or eounterbnteloKi  and  taina aBmiiir (u umM Ii 
bwln.ioiifliitiialarirranBMiiloribamliafilriiiii.    golniiu  lhl>  ImukoU 

«kati  ilijirqr  tbBnaLarKMvqqKl,  Bn4>al»«»  Bvh  bSiBS.  Bac  If  n  Tif^trj  Imd  ba pM^l 
bBcameibabnrprsvDi^rt'krii'lowftraf.  niD^.  wllUhn  be«mA«ivawrtEBD  ikKil^^Jl 
Tha  LHA  lrlBn|T]T-ir  iVH-tian-i  wllliLIII  r^ulq  lh«1r  erl^nul  JI7:  buiDolif  bi  Hiann^Av 


asa 


V^^  'vflTi^ -li^fi^ 


m^ 


HH 


aed  to  e  ( ;  while  the  diag 

tsaed  to  e«.    Voir,  If  there 

t  bar  of  iron  reaohhig  from 

ids  flrmlr  attached  to  those 

»m  divided  the  whole  trtiM 

nd  then  the  diag  c  m  oould 

1 1«is(keB«d  to  cthfmj 

>ira  awfBcient  to..break  thie 

1^  it-apart;  th^refere  the  tniaa  woaM  havvTemained  saib,  and  nnehaaged  in  fignfe ; 

8  preventing  e  m  nrom  leugtheafng  to  e  t,  wmld,  aa  a  ooaaequeBoe,  prevent  «  n  tr*m 

I.    m*,  aaitting  the  Iron  bar  at  cm,  snpposlHA  stiff,  unbending  inclined  post' to 

reea  «  and  «:-  this  also  will  divide  the  whole  tfbssinto  triangles;  and  it  is  then 

lid  not  be  shortened t»«4.bv  any  strain  less  than  one'Miflloieni  to  brealt  the  postl^y 

erefore,  in  this  case  also,  ra»<4nnyi  woldd  ■hareremaineSsvire,  and  unhanged  fin 

i«t,-whlle  preveniing  «m  from  shorteniiig  to  «  •«  wtrald,°as  a coAntonenoe,  prevent  ^m 

;  to  ee.    Either  the  bar  or  the  poit  wonld  be  a  eoanterbrace  againn ^e  effect  of  tn> 

mth  a  nnlform  load  it  is  not  seeded.    Neither  are  additional  countertwaoing  pleeea 

tmsses  of  the  forms  Flgii  10, 11, 12,  IS,  provided  each  web  member  is  so  oOBctraded 

■fta^  oompressiea  aaid  exui&sion.   See  Bern  1,  foot  of  p  30ft.'      


h,  shows  fhe  bad  effe<j|  produced  In  a 

a  Fig  9}{i  when  the  web  memhars  are 

>d.    In  the  Burr  bridg«i  Fig  S6,  and  in 

lOugh  the  truss  is  divided  intofarian- 

lined  braces,  ie,  ko,  are  often  Ittpn^ 

bear  compression  enlj;  their  ends  not 

»eh«d  to  the  chords.     Oonseqaently, 

1  at  a.  tTie  derangement  shown  In  Fig 

that  in  Fig  9^^  takes  pbce.    Tio  fre- 

raelng  must  be  resortw  to,  either  bj 

irties  along  the  dotted  diagonals;  or 

f«ees  capable  of  resisting  tensioa  as  ~ 

Ion.    Tha  lasfmethod  shows  tbit  eountei^Taelng  can  he  performed  without  Ae  M* 

ipeotadly  called  eoantnl>caoe8,-aad ^fguteghj  the  dotted  diagonals.    AH-  thaiisire- 

Dcipleof  oonnterbraidBg,  is  to  «»  arrang*  aad-  connect  the  -several  weh  meaibers, 

rodneed  by  unequal  loading  at  any  point,  as  «,  between  the  abnts ;  or  alotg  Any 

Istonce,  shall  b«.j^roperly  transftrred  by  them  to  kotk  gtalweiits. 

The  weight  of  the'tn^flLaiyljts  1oa^i)eiDg  uniform,  the  strains  ilong 
crs  of  all  the  following  trasses  may  be'Yound  by  three  simple  proclsses, 
tch  drawn  to  a  scale,  and  represenlin}?  the  membera  by  single  str^^t 
^  10  and  11.  Having  prepared  ih4  sketch,  (for  which  a  scale  of  trom 
o  a  foot  wiUgpnerally  su£fee,)  the' first  prpCfAS  is  the  vec/eaBy 
ining  how  much  of  the  total  tinifbrm  welgphitip  to 'be  considered  &h 
ich  point  of  support  along  either  fiie  top't>r  the  boHom  of  the  fniiss, 
iny  be:  remembering  thai  one  fufif.  of  each  end  panel  is  sust^ided 
B  abut  nearest  to  it,  as  in  tjie  preceding  cases.* 

re  fully  to  illustrate  the  following  Articles,  we  shall  assume  each  of 
Fig.  22  inclusive,  to  be  64  ft  long,  and  16  ft  high.  The  height  (<fallod 
f  the  dei>th)  is  understood  to  be  measured  vert  betweeH  the  cent&s  of 
^.ts-sections  nfthe.  upper  and  fowfr  (^ords.  £ach  truss  is  assuiued-.toibe 
eqnal  panels.  Total  uniform  wt  ofione  truss  and  its  load,  32  tons;  or  4 
1.  Consequently  there  will  be  0  points  of  support  to  each  trass.  Yhps, 
and  16,  in  which  the  load  is  supposed  to  rest  on  top  «f  the  truss,  and 
11,  in  vhich  it  rests  upon  the  bottom,  the  points  of  support  aroat  r, 
,  o,p.  Some'of  theKC  are  not  8ho\fn  in  th^  last  three  Figs.  |ifdw,|iu 
,  z,  h,  boing  nvidway  hetw^n'the  ^vefal  points'of  support,  it  is^lain 
^  all  the  weight  to*  be  on  the  low^r  chord)  the  central  point, jft' In Uft 
»ortio«  of  it  comprised  between  2tind  /»;  dall  between  y  and  z%  c  aU 
\y\h  all  between  w  and  at;  while  Oie  abut  a  sustains  directly  the  pbr- 
'  a :  and  the  abut  p  that  from  (j  to  j*.  The  same  principle  applies  to  all 
pes;  and  equally  eo  whether  tli<»  pnnels  be  of  the  same  width  or  not; 
Kupport  is  araumed  to  sustnin  all  the  uniform  wt  of  truss  and  loAd  be- 
nd the  two  points  midway  to  the  juljacent  points  of  support.  It  might 
;  at  fir8t  sight  that  the  /oiwrpai-ts  of  the  truss  in  Figs  14,  \b^  Ifi,  (or 
11.  if  inverted,)  fXTi>)  sustained  by  these  upper  points  of  support;  but 
)lain  when  we  refl«ct  that  these  lower  parts  are  xusppided  from  the 
y  t)ie  web  ties,  and  are  therefore  upheld  by  it  as  fully  as  if  they  rested 
or  Figs  10  to  16,  the  strong  dotted  lines  of  the  web  members  represent 


tf  •r*n«Tdprine  all  the  wrlght  to  he  concentrnted  on  one  ch/^rd",  although.  viLSMal^'s  *''^^* 
'or  roofH,  is  not  so  fof  torye  bridges.    See  Arts  18,  V-i,  aud  '2.Q. 
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efkcb  of  the  others.    Thereffore,  to  find  the  Mnonnt  of  wt  rastfdned  at 
)   nine  points  of  support,  we  have  only  to  div  the  total  vrt  (32  tons )  by  a 

I  by  1  than  the  number  of  points.    The  quot  -^  »  4  tone,  will  be  a/utf 

o 

to  be  at  each  point,  except  the  two  end  ones,  a  and  p,  at  the  abuts ;  at 
cch  it  will  be  but  half  of  one  of  the  full  panel-loads,  or  two  tons.  The 
tbrae  panel  and  half-panel  loads  shoaid  at  once  l»e  figured  on  the  sketch 
per  points,  as  is  douo  in  our  Figs ;  a  2  being  placed  at  each  eiid  of  the 
li  4  at  the  other  points.  Tire  other  numbers  at  ttie  eanie  points  are  the 
otlier  vert  strains,  which  Mill  be  explained  as  we  proceed.  As  the  strains 
of  the  truss  are  the  eame  as  those  on  the  other  half,  the  nnmbei-s  need 
tten  on  one  uf  tliem ;  indeed,  the  sketch,  as  a  general  rule,  need  show 
f  of  the  truss. 

eofi4  proccfMU  All  the  panel-loada  are  of  course  eventually  trans- 
'Uglt  the  truss  to  the  abuts ;  as  is  iiuinifest  from  the  fact  that  each  abut 
if  tiie  totiil  load.  Butcieich  panel-load,  while  tra\'elltng,  as  It  were,  from 
point  of  8up|)ort,  to  the  nearest  abut,  produces  an  additional  strain  upon 
point  of  support  encountered  on  its  way.  Our  second  process  consists 
he  vert  component  of  this  additioual  9trmn  at  each  point  of  supp<trt. 
9  and  11.  the  ruutes  taken  by  tiie  pauei-Iood'strainH  lead  at  once  ^toward 
abut;  but  in  Figs  14, 15,  and  16,  they  first  go  forward  to  the  center  &of 
ind  from  tlience  are  transmitted  backward  to  the  abuts,  along  the  in- 
r  m(>mbcr  e.cu,  Figs  14  and  16 ;  or  the  incUncd  lower  one  ><f,  of  Fig  15.  In 
culiar  force  is  generated  by  the  raising^of  the  center  of  the  tie-bar  at  u; 
'ill  bo  considered  after  the  others.  It  is  very  easy  to  determine^  at  a 
itlior  the  pancl-lond  strains  travel  at  once  toward  the  abuts,  or  toward 
>f  the  trnss ;  and  it  is  essential  that  this  l>e  first  done.  We  have  only  to 
uppose^  for  the  moment,  that  a  tie  can,  like  a  chain,  sustain  uo  pressure; 
no  pull ;  then,  by  looking  atany  point  of  support,  as  atc^  Fig  10,  we  aee  at 
s  strain,  being  a  pull,  cannot  travel  toward  the  center,  along  the  strut  cj^ 
)  toward  the  abut  a,  through  the  tie  eh.  Whereas,  in  Fig  14,  the  pressing 
uiunot  go  toward  the  abut  through  the  tie  c  Ar,  but  only  toward  the  cen- 
1  the  Htrut  cj.  When,  as  iu  Figs  10  nnd  11,  the  strains  travel  at  once 
nearest  abut,  the  weh  members  are  slightest  at  the  center  of  the  truss, 
t  near  the  abuts;  while  the  chords  are  stoutest  at  the  center,  and  slight- 
3uts.  But  when  the  strains  Hxat  move  toward  the  center  of  the  truss,  all 
*sed :  as  indicated  by  the  dilT  thicknesses  of  the  lines  in  the  Figs. 
)  and  11,  with  paraUeX  horizontal  upper  and  lower  chorda^  the  vert  strains 
lily  found,  thiui:  Remembering  that  only  half  of  the  cmUr  panel-load 
;oes  to  each  abut,  begin  with  2  of  the  4  tofrs  at  e.  Ad<l  those  2  tons' at  4, 
m  down  as  in  the  h'igs :  thus  making  6  tons  of  vert  strain  at  that  point, 
rtun  the  whole  of  these  6  tons  goes  to  the  abut  at  a;  therefore,  add  G  tons 
aking  10  tons  of  vert  strain  at  that  point.  Tiie  whotit  <if  these  10  tons  go 
Tore,  add  10  tons  at  6,  thus  making  14  tons  of  vert  stmin  at  that  point. 
T  thftse  14  tons  go  to  a;  therefore,  add  14  tons  to  a,  thus  making  16  tons 
in  at  that  |K)int.  Now,  16  tons  is  half  the  total  wt  of  our  truss  and  iti 
nee  this  must  always  be  the  case,  it  proves  onr  work  to  be  correct  thus  far. 
le  numbers  4,  C,  10, 14,  written  on  the  verts  of  Fig  10.  denote  the  tons  of 
I  those  memburs;  but  are  placed  there  to  be  referred  to  in  Art  18. 

ir«l  And  liMt  process  consists  in  completing  our  sketch,  or  diagram, 
iuiner  as  to  enable  us  to  mcaHunt  by  scale  the  strains  produced  along 
t)er  of  the  truss,  by  these  vert  strains  thus  accumulated  at  the  diff  points 
a,  />,  c,  </,  e,  &c.  In  Figs  10  and  11,  from  the  points  t,,;,  A*,  /,  (and  observ- 
Fig  11,  t  is  not  at  the  center,)  lay  off  by  any  convAnient  scale,  upM'ard  or 
HS  the  case  may  l»e.  (upward  if  the  Figs,  or,  rather,  the  trusses,  are  in- 
vert dists  ir,  equal  to  2  tone,  or  halftho  vert  strain  at  the  center  iminte; 
',  lv"\  respectively  equal  to  the  entire  vert  strains,  6, 10,  14  tons,  ai^  k^ 
16-ton  strain  at  a  is  not  sustained  by  the  truss,  lait  by  the  abut. 
'%  v"\  draw  the  hor  lines  as  shown  in  tlie  Figs.  Then,  ttie  triangles  formed 
ir  lines,  and  by  the  portions  which  they  cut  off  from  the  oblique  and 
nmbers,  if  measd  by  the  scale  used  in  laying  off  the  vert  dists.  will  (with 
DU  below)  give  all  the  stnuus  along  the  several  memborsof  the  truss, 
of  the  triangles,  as  /u,  A:m,ju,  i'm,  Ac,  which  are  formed  by  portions  of 
mhem,  give  the  strains  along  said  members;  while  tVv«  Vvot  ^oXt^di  viAaa^ 
D,  and  uu  iu  Fig  11,  give  those  along  the  hor  upper  and  Voviei  c.\\QitdA^ 

'  a/oo/  ite  obJJqaet  mmj  be  found  eorreoUj  by  aalenlatloa,  ibai :  lLu\t  t^a  ^«tv  aVnik 
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The  exception  Just  atloded  to  is  la  the  oml^  vtsri  «t',  of  Vig  10,  in  vkkh  tkiit| 
must  be  rneaad  by  iwiot  i  p,  because  this  member  itself  sastiUiM  att  of  th«4  |g|» 
load  from  2  to  A ;  although  at  its  ujpper  eud  it  transfers  only  half  of  the  I 
Itrain  to  twsh  of  the  two  oMiques,  t  a,  t  m. 

Below  we  add  tbe  amouata  of  all  (he  straias.  to  enable  the . 
the  dame  Fign.    \X  the  Piga  be  luverted,  the  proeees  remaitif' 

BtralDd;  but  what  wm  befbre  a  pull,  will  now  beooue  a  pi ,.. 

pulls ;  so  that  tbe  tiee  become  atrnu ;  and  tbe  strata,  ties.  ToaM  taaarfca  aivlj  te 
aa  to  the  web  memben. 

StnUiui  aloDs  the  ipreb  membem. 

Fig  10.  Flffll. 


I  jouDC  stndeni  to  last  ktosMmtrt 
•  tbe  aame ;  aa  io  also  ihi  mmM 
preaanra;  and  tbe  pmsens  «■ 


jLlongei  =  ivX2=  4toiu>. 


kv" 
bl  =  lp"' 


=  10 
=  14 


▲leBg<ci=    S.24toas. 
^c  =   6.71 
\h  =  11.8 


la=i  15.7 


▲long  aiaiidiil. 


ir*=a' 


djwaije,     "   = 
efeaad».    •*=»!! 
»laadl«,    ^  =IU 


Straifia  along  tlie  horlgbntat  Mwirli, 

Along  the  portion  ab,  or  Ik,  each  =  the  bor  line  v" '  =  7  too*. 

hcorkj,    •'  =»"  +  »"  =  T  +  5=r1». 

ed,or^(,    "  =»"' +  »"  +  »' =  «-|-fr  +  »=W. 

ila,  or  from  i  to"  OPnCer  ;oir}^  •"•j»»f".i.«*j_  —  —  T_i_ic_i_a_i_t  — • 
aiiattbeeeoter.        5~  *     +»+•+»- T+S+»  +  l_I 

■  The  hor  stratn  at  (he  eeiiter  of  either  hor  etaortf^  aunt  ik 

eqiial  to 


rbleh.  In  Figs  10  and  II ,  b 


MtepaXN 

MfMl 


yi  of  the  entire  aoirorm  weight  v*  i^  «r  a^  ..»«  >. 
of  tho  truss  and  it«  load     ■  ■  X  ?<  of  the  apan,  <iji. 

Height  or  depth  of  truss, 
16.  tons,  as  abore.    This  serrea  as  an  easj  proaf  of  tbe  vork. 

As  to  the  tramreru  strains  on  the  seToral  parts  ah,  be,  cd,  Jtc,  «f  the  Wvard 

considered  as  beams,  see  foot-note  p  191. 

Art*  12*    We  will  briefly  expKtfn  tfaoy»rt>ic^e  of  the  Ibregoin^  pfT>ccsB.  wl 

indeed,  is  almost  identical  with  that  Inrolred  in  tbe  following^  trasses;  and  wf 

seen  to  ruqnire  no  more  knowledge  of  tho  laws  of  force  than  mSg^  bo  expeeti 

any  intelligent  flchool-lad. 

Eeferrini;  to  Fig  10,  we  shall  employ  Fig  12.  BeariDg  in  miod  that  am  the  wt  (4  \ 

of  ooepanal  oftketmi 
T  »    -i  its  wniform  Isa^  is  m 

"         ^^^ —  along  vA,  it  i»plBfei^ri 

held  by  thocoftsrTBrttf 
or,  in  other  worth,  wH 
sustains  a  vert  piril  of  41 
At  its  ii|qpsr«n4^tlh 
is  transmitted  hi  liuips 
pnrti  tothe  twooMlMMl 
•  d,  i  m ;  ami  ftoa  Ohp 
Bes  of  Forces  w»  kaovi 
if  we  naks  f  obysodtfl 
to  these  4  tons,  and  if  1 
ft  as  a  diag  w»  maqileh 
parallelogram  oflbreeffi 
then  t  tt  and  t  n  witl,  by  tho  same  scale,  gire  the  oblique  strains  proAM!ed)iythi 
tons  along  the  stmts  •'  d,  %  m.  Now  it  is  plain  that  tirianniounto  to  As  HBsdl 
as  was  done  in  Fig  10,  in  which  we  meiely  drew  i  v  and  v  s;  notbiiiig  man  M 
actually  necessary. 

Then  as  to  the  6  tons  at  (f,  it  is  eridontly  all  borne  by  the  tie  dj.  In  otkv^ 
from  d  there  is  a  Tert  pull  of  6  Xom  against  •' ;  and  this  poll  most  plainty  tondi 
w  sustained  by  the  chord  t^',  and  the  strut.?  c.  Heuoe,  if,  as  before^  wa  take  At* 
diift.;r,  by  Hcalo,  to  represent  this  vert  pull  of  6  tons:  and  if  on^s, «  •  ^] 
comploto  the  parallelogram  of  forces^*  a  v  6,  then  willj  a,  or  tY»  e^iol.  ^^'f^! 
lior  push  along  the  chord ;  and>  b  the  obliqoo  one  along  the  stntt.  Aad  iSvlB* 
other  strains.    This  also  amounts  to  tho  same  as  was  done  in  Fig  10. 

We  shall  illustrate  Fig  11  by  Fig  13.  The  principle  is  precisely  the  aameai  !■■ 

The  center  load  of  4  tons,  at  e,  produces  pulls  along  the  two  tiee  e  •',  «r ;  •■*■] 

make  «t  equal  to  4  tons;  and  on  it  as  a  diag,  draw  the  parallelogram  na '4* 

wille«  and  en  give  the  amounts  of  tbe  two  oblique  pulls.    But  as  thlsliii'" 

oettter  of  tho  truss,  and  consequently  only  one  of  these  pulls  goes  to  soek  aM^ 
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)  to  esnunlhe  bat  one  of  ibem,  aagr  e>.    This  aicti  to  poll  i  towMrd<;  and  at  i 

ill  ki  niaiattsd  by  the  chord  a  i,  and  by  the  stmt  t  d.    Hence,  if  we  make  i  *, 

a.  «qiMtl  to  e  «;  and  u|Km  it  «a  a  diag  draw  the  panllelngram  i  a  o  /i,  then  will 

0f  «9«a(  «  A,  glTe  the  pre«  along  tlie  diord ;  and  t  U  that  along  t  d*    But  since 

«  mMde  i  a  cqoal  to^  <;  and  have  drawn  o  b  hor,  mr  parallel  with  the  hor  chonUi, 

■In  that  the  vert  t «  must 

ft!  Co  tb»  veit «  «;  that  is, 

lb«#f«i/'<Arrer<ynficeat  «, 

eted  in  Fi|c  11.  "Hie  same 

in*  apidiea  to  the  pwU  on 

irhe  0  tons  at  d;  except 

aaainnch    as    this  fai  all 

hj  the  •»€  tie  <I j\  we  must 

;'  e  eqnal  to  the  v>h«U.  6 

a  directed  in  Figs  10  and 


9> 


It 


r 


S^-i^A 


90  gives  a  mnch   more 

lient  mode  of  iinding  the         ^  ____»_^_— 

I  along  auch   trusses  as  ^  4-  C  ^ 

redoing,  when  we  do  not  '* 

>  trace  their  progress. 

U  13.    In  FifTS  14, 15,  and  16i,  (in  which,  as  before,  the  span  is  64  ft,  the  rise 
md  the  load  to  a  full  panel  4  tons,)  the  second  proeetw  (or  that  of  finding 


y   I  y  X 


inch  addiUonal  vert  atraln  is  produced  at  the  several  points  of  support  by  each 
Used,  on  its  way  to  the  nearest  abut)  differs  sons  what  from  that  punsuad  witit 
M  and  II,  which  hmxepuraiUl  upper  and  lower  memlers.  The  principle  in- 
d,  however,  is  praoisely  the  same.*  In  Fig  14,  bt^inmng  at  Uie  panfJ-load  6, 
mC  tkf  abul,  lay  off  by  scale  ttia  vert  h  r  equtSi  to  that  panel-load.  4  tons.  Di«w 
pndlel  to  tlie  rafter ;  and  h'"  *'"  hor.  Measure  h  i"\  (2  tons,)  and  carry  forward 
■mount  to  e,  writing  it  down  over  the  panel-load  4 ;  thus  making  the  total  load 
I  teas  (See  Remark,  Art  15.)  Make  c  r  equal  to  tills  total  iosd:  draw  r  h" 
Id  to  the  rafter;  and  h"  g"  hor,  as  before.  Measure  e  «",  (4  tons,)  and  carry  it 
ud  to  <(,  writing  it  down,  and  thus  making  the  total  load  at  d  8  tons.  Make  d  r 
I  to  this  total  load;  draw  r  A' parallel  to  the  rafter;  and  //^  iior,  as  before, 
iind  s',  (6  t(>nt$,)and  carry  it  forward  to  the  center  ^,  writing  it  down.  Now  it  is 
1  that  the  same  process,  on  the  other  lulf  of  the  tttM,  wonld  bring  another  6 
to  e.  Write  this  down  also,  as  in  Fig  14.  TIiuh  we  get  for  the  vert  xtrain  at  ^ 
4  -f  6  =  10  tons,  or  one-half  of  the  wt  of  the  entire  truss  and  its  load.  As  this 
t  always  be  the  case  in  such  trusses,  it  proves  our  work  to  be  correct  so  far.  See 
18. 
Urd  proeena.    From  €  draw  a  vert  line  e  r,  by  the  same  scale  as  before, 

rW«  vtntiliic  owrety  t«  kiMnr  t^e  amount,  without  earing  to  CMee  th«  progreM  M  thene  vert 
M  M  th«  point«  or  «uppari.  io  order  to  calculate  the  other  atratas,  me  tam.y  omit  part  of  the  fni- 
■•i  aad  proeeed  tbna:  At  the  peak  e  of  the  truHC,  the  vert  aCrain  will  alwaj-a  iu  aucb  trusnea  be 
I  la  Sol/  the  entire  weight  of  the  truM  and  lt«  load,  (for  which,  per  *qtt,  aee  Table  4.  p  SOI4 
aif  therefara  be  wrf  tiea  down  at  onee  at  s.  Next  count  the  entire  naniber  of  points  of  aopporc 
••d.«./.  Ae.  of  the  craca.     From  ibis  oupiher.  whatever  It  naj  be.  aubtract  1,     DIt  the 


to«rfgh4'<r  thtf  mnaaad  tu  leiU  bf  Cbe  ram.  One  MT^r  ibe  qnot  wfH  be  the  vert  atmlB  t  the 
•if  Ihatmaas  which  wrte»dewn  Ma.    At  6  the  atraia  will  be  twice  chat  at  a  ;  at  e  f  jkree^imea ;- 


;  and  ae  wich  nay  naniber  of  polnta  of  aupport  along  a  rafter .  Ktat\K,  ai  ^kA  m«.\k«  <nv«  «, 
Ntbtatnia  wfU  be  Mrfeeaa  grettt  m»  M  the  preeedinft  one  A.    fl«V  U  haa  Vmmi  Vm.'qA  •Vt^aAiV' 
*  Mr  AadSMw  dealt,  «be  rare  flnee^r.  er,dr,0r,  A«,Binyai  oacn  Via  dT%w^  «^m\>»^  «w* 
tnateejr  c*M  r  A.  r  A.  r  jk,  A«.  puralM  ta  the  riltar  ;  aaA  s  h,  a  lb,  ha,vax«Ma  % 

as  ** Third FraceaM." 


W2 
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eqitfil  to  the  10  tons  of  total  kMd  lit  « ;  drew  r  *  pMBllttl  to  th0  mfler;  mAk 
liitt  fig  is  now  reHdy  for  giving  bj  nalo  tbe  stniDs  along  all  the  ^Ittmrnkm 
tnam.  It  isbymefftohairoo  ttMt  the  tworeitUowblaBacr,  repi«tMtti|tth 
Ht  6  And  e,  hi^pen  Jtwi  to  extend  to  the  hor  tie  a  «  in  onr  fle.  As  vHh  th»|ii 
figA,  we  add  the  0tmimi  in  this  owe  also.  When  as  vaoal,  the  points  of  MfP* 
c.  Ac,  are  equidistant,  the  continuoos  additions  for  the  atHdiis  aloog  the  w 
along  the  several  divisions  of  a  rafter  or  niaUi  tie,  will  be  equal  to  each  othwl 
roofs ;  but  thone  along  the  obliques  will  be  unequal,  oa  aeoonnt  of  theb  1 
obliquities. 

Strains  alongr  the  vertleals. 


▲long  61  =  nothiog,  except  weight  of  Ue-bar 
from  y  to  y.* 

'♦    eft, =»•'=>  tons.  < 


StrafiiB  alonir  tlie  dlhll^i 


•  {=2ir«  =  SX6=rl2;  fbrwbfleefiefa other rertfml  tle1w«rs  oalytheTertittrstiibrovgfeti 
the  oblique  vtmt  next  nearer  tbe  abut;  the  center  tie  «  i,  of  eoone  bears  thoM  tnm  tt 
Mie  on  each  side  of  it. 

Strains  alone  th®  horlxontal  tfe«bar  «  i» 

a  wt  of  trnse  and  load  X  H  "P^n 
▲t  <  =  •  A  =  IS  to9« ;  alw>  ==  ~  HSiht  of  truaa. 

From/to  <  =  •*+•*  =  16  +  ^=3<^* 

*'    atoJ(  =  a»+«^  +  **+'*  '^  =  1*  +  *+^  +  ^  =  *^ 

Strains  alonip  the  rafter  e  a. 

From  «  to  d  =  Jt  r  =  17.9  tons. 

"    dtoc=Ar+»r  =  I7.9  +  «.<7  =  n.4. 

*•    etoft=Jtr  +  »r-|-»rsl7.9-)-4.4T+4-47=SS.8.- 

••    &toa  =  *r+Ar+^V-)-Ar  =  n.9  +  4.47+4.4T-|-4.4T  =  n4. 

It  will  be  observed  that  the  hor  components  h  »,  except  the  center  one,  h«f 
lengths;  also  those  marked  h  r,  parallel  to  the  rafter;  while  the  oblique  on 
not. 

for  transverse  strains,  see  foot-note  p  191 ;  also  Art  29^  p  208. 

Feir  a  S|»an  of  lOO  feet,  rise  20  ft,  or  4  of  the  span;  tnwsea  10  hi 
from  center  to  center;  loaded  on  top  only ;  the  fol)owin|r  dimensioas  will  ks 
wifflcient  for  a  covering  of  slate.  Bafters  and  tie-beam,  each  10"  X  12''  dst| 
rafters  may,  if  preferred,  be  retkioed  to  9  X 12  at  tiH^*  The  Terta  of  roand  b 
of  tfood  quality,  if  not  upset  at  the  screw  ends,  V^  $^  1,  and  1^  ins  diaa 
oUTques  or  braces,  6  X 10, 6  X 10, 8  X 10 ;  thus  making  Um  traia-thicknesa  oai 
10".    See  Table  2,  p  200 ;  also  Note,  p  260. 

2  4 


^>t*  14.  In  Fig  15,  the  process  is  the  suae  as  fai  Fl|^  14,  except  that  Ostw 

re^biasenfing  the  strains  ftt  the  poVlcits  of  suppbrt  d,  ft,  c,  d,/,  t^re  to  be  drtnra  «g 

from  /,  Jk,  J,  i;  and  the  strains  I  tf'\  k  s'\  j  tf ,  «x<^\o\ii^  ««A«d  forwavi  to  tb 


wA/«h  oaaei,  •«•  Art  la, 


vertloal  tia  at  b  I  la  TMtihi  iwvilTC^  «wiH«^  "aV 


«fta\>a.>s 
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L  ¥he  stntn  on  ft  I  will  be  the  4  tons  at  h.  All  the  other  etralne  will  be 
ihoae  in  Vlg  14 ;  Ibe  hor  llnee  h  «,  Ac,  gtring  thoee  along  the  hor  npper 
;  ftnd  th'e  oDliqne  ooee  h  y,  ftc,  those  along  the  oblique  tie  a  i.  It  i»  eaify  to 
j»  4  tons  at  h  mast  strain  the  vert  post  6 1  to  that  same  amount,  since  they 
1  by  the  post  to  f,  Where  they  are  transferred  to  <  a  and  I  c.  But  in  Fig  14, 
mt  bf  rest  directly  upon  6  a  and  6  k^  and  produce  no  strain  whatever  upon 
\obl. 


15.  In  Fi^  16,  the  process  is  the  same  as  In  Fig  14,  except  that  the  lines  h  s, 
be  drawn  and  meuured  parallel  to  the  inclined  tie  a  t ;  instead  of  being  hor. 
'  must  be  carried  forward  to  C}  e  ir"  to  d;  d  «'  to  e.  In  this  manner,  we  find, 
t,  the  center  load  of  6  +  4  +  6  =  16  tons  at  e.  B\it  we  must  now  add  to 
tons,  another  strain  generated  by  the  obliquity  of  the  tie-rod  a  i.  This  stMlb 
by  mult  the*  load  at  ^,  (16  tons,  or  half  the  wt  of  the  entire  trOssand  its 
the  vert  dist  n  t,  (6  ft,)  which  the  center  t  of  the  tie-rod  is  raised  above 
tontal  a  w,  (see  Remark  1,  Art  16;)  and  div  the  prod  l>y  the  dist  i  e,  (10  ft.) 

— r^ —  s>  9.6  tons;  which  also  write  down  as  in  the  Fig;  making  the  total 

In  at  e  25.6  tons,  instead  of  the  16  tons  of  Fig  14.* 

oake  «  r  by  scale,  =  25.6  tons ;  draw  r  h  parallel  to  the  rafter  «  a,  and  meet- 
•tber  rafter ;  also  draw  h  x,  pantllel  to  the  raised  tie-bar  t  a.  Then  the  strains 
I  members  of  the  truss  will  be  as  follows,  taken  from  a  Fig  on  a  largw  scale. 

Mi  Alonir  the  verticals. 

one  at  6  =  nothioK,  except  weight  of 
tie-bar  for  the  widtb  of 
OD«  panel  (8  ft.) 
Hongeo  —  b»"'  =  2  tons. 
"     <!*=  c«"  =4    •• 
"      e<=2d«'-f».6  =  2I.e. 


Strains  alonir  the  obliques* 

Along  &o  =  &V"=<.4S. 
"  c*=  eh"  =6.te. 
••      d<=:  4h-    =8.04. 


Strains  alonfr  the  raised  tie-bar  a  <. 


At<  =  ]k«  =  26  torn. 


From 


rom  jr  to  <  =r  *«  4-  A'  •'  =  26  4-  8.5  =  82.&. 

"     otoM=  h»  4-  *'•'  -4-  *"«"  =  26  4.  6.5  -I-  6.5  =  89. 

«•     atoo  =  *«  -f- *'«'  -f- A"«"  -f.  A"'«"'  =  26-f6.5-f6.5-|-6.5  = 

Strains  alongr  the  rafter  ea. 

From  d  to  e  =  A  r  =  28.5  tona. 

"      c  to  d  =  *r -I- A' r=  28.5-1-7.18  =  85.63. 

"      6to  c=  *r-f  h'r4-  h"  r  =  28.5 -^  7.13 -f  7.13  =  42.76. 

«•     alo6  =  Ar-f-  A'r-f-  *"r-|-*  "r  =  28.5-f7.13-|-7.1»-f.  7.13  =  4«.». 

nkvene  strains  on  the  rafters,  see  foot-note  p  191. 


'oteMe  that  the  tie-rod  is  sometime*  raised  in  this  manner  by  penona  ignorant  of  the  faot 
kmniij  grtatlj  Increase  the  itraina  oa  the  rafters,  Ao. 
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■  Rim.  The  renfon  for  measaiinff  odI/  forU  of  the  vert  linM  whidk  te  II 
16),  represent  the  whole  pMiel-loadM,  it  that  the  rafter  a«,  Figa  14  and  16^  < 
«i  of  Fig  15,  being  i  nc/tn/zT,  also  bear  a  part  of  each  panel-load  :  aiid  tlM* 
does  not  go  forward  to  the  next  point  of  support,  but  iitoes  backward,  alo^ 

clined  member,  to  tt 
a.      n  o  a»  It  must  be  ooritti 

"by  .\  »nrmd  proeeu.    Tin 

17,  if  babeantfMMi 
resting  on  an  .abnt 
strut ;  and  />r  a  vert  I 
sen  ting  tlie  load  siu 
h  by  ha  and  htfi  if 
plete  the  parHllelogr 
of  forces,  then  will 
by  scale  the  strain 
stioit;  and  bn  that 
raft««r.    The  strain 
strut  id  made  up  f>r 
of  the  portion  6  *  of  i 
and  the  hor  force 
yert  portion  h  it  alone  goes  to  the  next  point  of  support ;  while  tt  m  strains 
hor.    So  aldo  the  strain  hn  is  m^de  up  of  the  other  portion  (ho  or  nr)  ol 
force  ftr;  nnd  of  the  Ii»r  force  on;  which,  when  the  strain  hn  reaches 
again  resolved  into  two;  ono  of  which,  fto,  presses  vert  upon  the  abut:  oi 
words,  tranafurs  to  th»  abut  .the  portion  ho  of  the  load  resting  on  6;  whik 
tion  on,  which  is  4>qual  to  xm,  strains  the  tie  ng  hor. 

But  in  Fig  18,  where  '>r  also  represents  a  load  resting  on  b,  and  snppc 
strut  bg,  and  by  a  hor  choi*d  ha^  if  we  complete  the  parallelogram  hmrn 
the  straiu  b  m  along  the  struU  composed  of  all  the  vert  force  ■  o  r,  and  ■  tha 

HOTE, 

The  followliiar  maj-  at  times  save  trovble  !■  desf  ipni' 
trwioii  After  the  dimensions  of  all  the  members  of  a  roof  truxs  ol 
kira  besa  oaleulated.  theo  tho^e  of  aoj^  *muUl«r  spau  arrmnted  lo  the  sawe  niabtier,  aa 
■«■!•  rl«e  io  pniportiou  to  Itt  span  :  bat  witb  tha  tnuaes  at  the  name  diittaDoe  apart  ai 
oa« ;  star  be  Ibuod  M^y ;  aDd  orwo  near  eooagh  for  praetioe,  thus : 

Ftmd  uu  arta  of  cron  Motfoa  of  each  menber  of  tbc  large  traas.  in  aq  ins.  Then  an 
of  oroM  MOtioa  of  the  oorrejipoudiog  uieoiben  of  the  aniall  traaa  to  the  aame  proportio 
U  MBalter  than  that  of  the  large  eue.  The  snail  tmas  thai  obtained  will  in  fkct  be  su 
spaa  than  the  large  one.  If  the  ttiul  loads  ttuxtained  by  tmitses  of  diflferent  spans.  i«icfv4Kii 
o/  tk*  trmsMt  thewuelpet,  were  in  proportion  to  the  spans,  then  this  method  would  be  o 
with  the  trusses  at  the  same  diatanoe  apart  in  both  oases,  onlj  tlie  extraneoti*  tntal  load  bi 
Is  In  proportion  to  the  span ;  while  ihe  total  weight  of  the  trusses  thtnuselves  is  as  the  a 
anana.  la  enr  lablit  of  wtn  of  iron  roofii  on  p  MO,  it  will  be  seen  that  it  is  based  npon  # 
40  lbs  par  «q  (t  of  ground  eorared,  inttudinff  thewUof$h»  rmssrs  |ikeiiMe{«««.  Also  thi 
the  (r««s  Itself  of  175  ft  span  is  M.06  lbs  per  sq  ft  of  ground  eovered ;  so  that  the  g realss 
load  af  porlins,  slata.  snow.  4s.  ibr  this  span  is  40»8.M=ll.tft  lbs.  If  now  we  praps 
of  U  ft  span  bj  the  above  mode,  or  bj  the  ubie  (whioh  Is  based  on  that  mode),  we  tuid  tl 

as  S5  It  but  ^  of  175.  the  short  truss  will  weigh  but  StM  Ibe.  or  JW  part  of  931S  Iba.  tba  t 
the  175  ft  span.  We  alM  see  that  the  S5  ft  truss  will  weigh  bat  I  Jl  lbs  ner  aq  ft  of  gro 
while  the  176  ft  one  weighs  8.U6  lbs  or  6.44  lbs  more.  Therefore  tha  smsll  tmsa  will  fa  i 
an  axtmnaous  load  of  40  —  1 .61  -  S8.S9  Ihe  per  sq  ft.  as  the  large  one  is  under  40<— 8.05^1 
In  other  words,  if  the  large  one  is  strong  enough,  the  small  ono  will  be  abont  X  part  m 
naoasaary.  Beduotious  however  will  rarely  be  made  to  as  small  as  1  of  tba  original ;  sw 
do  not  axeeed  Vi,  the  method  will  answer  very  wall  in  praetios* 
For  aianiyles  of  raducingf  see  p  901. 


TBU8SE8; 


261 


I  wktia  othrlM  tmiiferrMl  to  the  next  point  of  rapport;  while  rai  and  6  » 
■n onlj  hor  stniu  aloug  ba  and g y. 

■4^  !••  The  roof  trms  ihown  by  Figs  19,  20,  and  21,  consists  of  two  oomplefe 
Itnam,  ass  and  effp.  Fig  19.  It  is  supposed  to  be  of  the  same  span  and  height 
m  «tlMn ;  and  to  hare  the  same  number  (9)  of  points  of  support  for  the  weight 


^'le  of  tons  forstraiuM 
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(32  tons,)  BuppoRcd  to  be  uniformly  dlitrlbated  along  its  top.  Cnnieqii'lrf^ll 
8uU8  from  our  tirdt  process,  that  there  will,  as  bef(»ns  be  2  tons  of  paueMoadaK 
of  the  end  supi>urt8;  and  4  tuus  at  euch  of  the  others.  Write  these  dowmeh 
20.  Now,  at  ttitiier  strut,  as  dg,  draw  a  vertical  Une  c/  o  in  pvncil,  by  ftOT  eiNmli 
scale,  to  represent  a  whole  panel-load,  (-1  tons;)  and  draw  vo  |»aiHUel  totMiallK 
and  V  r  parallel  to  the  strut.  Measilre  dr  or  vo  by  the  acale,  and  write  dm 
result  (1.77  toud)  uear  uv»ry  strut,  as  iu  the  li'ig.  The  object  of  thia  will  be  Ai 
hereafter.*  The  liuc*s  d  p,  vOjVr^  may  then  bo  rubbed  out.  Now  the  atnlH  I 
t)ie  several  {>anel-luadd,  iu  passing  to  their  final  points  of  support  at  tliealNti,ta 
by  a  route  iliff  from  ihat  iu  either  of  the  preceding  oises.  The  part  tniii  <*tl 
bu  regarded,  to  some  oxteut^  as  being  composed  uf  three  seiiarate  tniitvti  Btf 
ex  a,  effc^  a  cm;  as  will  appear  more  plainly  from  «na,  etc,  diid  aco.  fmlk 
These  may  be  caMod  fir. -tl  and  xfcond  secondary  triufs^s.  In  li'ig  19,  tho  half  C9| 
hibits  a  truais  ou  the 'same  principle,  but  having  a  gn>ater  number  of  poin^oii 
port  for  the  uuii'urm  wt.  That  half  truss  consists  i*f  first,  second,  and  tkiriwtt 
aries.  as  shown  by  e  y  />,  </7 1,  and  e  x  h.  However  far  this  subdi visiob  may  It  oB 
if  the  struts  occur  at  equal  (li:4ts,  and  if  tho  wt  or  panel-load  supported  by  oaAl 
is  the  same,  then  etch  panel-load  resting  on  a  sliort  strut  will  travel  (oue-half  < 
each  way)  either  to  the  panel-load  of  the  next  longer  strut ;  or  else  to  one  Mniol 
rafter.  Thu;},  beginning  our  second  process  with  one  of  the  ehortest  itratiiM 
Fig  '20, 2  of  its  4  tons  go  to  c  at  the  next  hnigcr  strut  ex;  and  *2  of  thcni  to  thee 
of  the  rafter,  as  written  on  the  Fig.  Then,  at  the  other  of  the  shortest  strati,! 
tons  go  to  c:  and  1  to  the  end  «  of  tho  rafter.  We  thus  have  4  tons  at  6 ;  4  atd;  • 
at  c.  But  of  thttse  H  tons  at  c,  4  travel  dv>wn  the  strut  ex,  and  along  the  tie  s 
the  end  a  of  the  rafter:  and  4  along  ex  and  x  e  to  its  other  end  r ;  both  of  A 
tons  are  therefore  sot  down  as  at  a  an<l  e.  When  there  are  more  points  of  nqi 
as  along  the  rai'tcr  n  p.  Fig  l*J,  tlie  process  is  precisely  the  same :  we  first  wijfKt 
strains  of  the  four  third  secondaries,  e.  s  /(,  /<  r  t,  t  v  A',  A- «  ;> ;  placing  them  at  C.'A, 
and  Pi  then  we  transfer  those  thus  accumulated  at  h  and  A,  to  e,  t,  andp;  saaft 
transfer  them  from  i  to  e  and  ;>,  at  the  ends  of  the  rufter.  Now,  returning  to  FI 
we  see  that  in  ad.lition  to  the  original  panel-load  of  4  tons  at  f.  we  linve  accimi 
tf  tons  of  vert  strain  from  tho  other  panel-loads;  and  it  is  plain  that  the  sun 
cess,  performed  ahmg  the  other  half  of  the  truss,  would  bring  2  -f-  4  =  6tiM: 
to  fj  as  written  in  the  Fig.  Thus  it  appears  that  we  have  10  tons  in  all  at  c;  ud 
is  precisely  half  the  W4;iglit  (^l^  tons)  of  the  entire  truss  and  its  load;  slid  si 
will  always  bo  thu  case  in  trusses  on  this  principle,  it  proves  our  work  to  bsoo 
thus  far.  In  like  manner,  the  total  strains  accumulated  ut  the  other  end  a  o 
rafter;  as  well  as  tlioso  at  its  center  c,  must  always  each  be  equal  to  one  qnart 
the  weight  of  the  trntiro  truss  and  load.  Also  the  total  strains  thus  accina 
at  any  longer  strut,  will  bo  twice  as  great  as  th^t  at  any  n^xt  shorter  one.  SeeAi 

Having  thus  finished  our  second  process  of  finding  tho  additional  strain  si 
several  points  of  support  produced  by  tho  panel-loads  on  their  way  to  their 
points  bf  support,  notliing  remains  but  tho  third  process;  thai  is,  to  compMi 
drawing,  so  tiiat  we  may  measure  by  scale  the  strains  alon/x  all  tho  members  ol 
truss.  To  do  this,  fro.n  tho  tops  of  tlie  struts  draw  vert  lines  b  r,  c  r,  (i  vton 
sent  the  total  vert  striins  accumulated  at  those  respective  points;  namely, 4 tM 
b,  4  at  df,  8  bt  c.  Draw  v  o,  v  />,  v  n  parallel  to  the  rafter  a  e.  Then  bo^eOfdt 
give  the  stnun^  along  tho  struts ;  8.6  tons  on  6  m  or  d  ^ ;  and  7.2  tons  ones.  U^ 
m  I,  X  t,  and  g  i  rcsiiectively  eciiuil  to  6  o,  c  o,  and  d  o;  dmw  t  J,  ijy  iji  and  ift 
t  y,  parallel  to  the  ties;  thus  completing  the  parallelograms  uf  forces  ijw  jf,0 
Audijgy.  Al.io  draw  the  dia.:j:s  yJtJ/j,VJ\  and  ine  vert  lines  ttf, tw,  JVil 
X  u,andy  u.  Also  layoff  the  vert  dist  e/cqiml  to  the  total  vert  strain  (18 1 
ate;  draw //i  Fig  Ji)paridlel  tothorafterae,  and  terminating  at// in  the  ntbcrn 
e  I;  and  h  t  hor  or  par.illel  to  the  tie  a  I.  Or,  which  amounts  to  the  samo  IhiV 
Fig  20  make  'f  equ  vl  to  tho  strain  (16  tons)  at  e.\  make  e  «  =  to  half  of  e/;^ 
z  h  hor;  and  kf.    This  uavos  the  necessity  of  drawing  more  than  half  tho  tnM 

Now  iH  y  and  inj  give  the  strains  (4  tons  each)  along  the  ties  m  a,  m  r,  raiari 
the  4  tons  at  b;  which  strains  extend  from  m  to  u  and  c.f    In  like  maiuier,^f ' 


*  When  merely  wtshinij  to  ascertain  the  strains  aloni;  the  members  of  sooh  a  troM,  wHhMt* 

to  traoe  their  proqrcM;*,  ne  may  nmtt  part  of  the  rnllnwin<;  and.  arter  harins  nindoaeomClAl 

of  the  truss ;  and  tnxxaH  and  noted  down  the  force  dr  or  vo  mentioned  abore,  ire  may  at  s— jjj 

down  the  vert  strain*  at  tho  points  of  support,  thus :  At  e  (the  apox  or  poak  of  the  tnu4*'"' 

/>al/ of  the  entira  wt  of  a  tru«s  and  In  load,  (for  which,  n^rtflf/t,  see  Tnb'e  ♦,    plOl,)  »llb«* 

titrut  e,  ooe/ourth :  at  the  font  a  of  the  rafier,  also  one  fovrth ;  at  h  and  li.  one  etflitk  s**"^ 

when  there  are   four  inrormedlate  HUbdVv\«Vona  ot  xY\«  *Titi\«  V\t\<1.  a^^  aloni(  the  raflere^  n 

one4ixt*enth  of  Raid  entire  wolRht  at  each  ot  a*cYi  eAAVUfiaaX  -(<A«V%,  Im.   *t^wi^\«|}« al '' ■* 

than  Unlnhed  onr  t^Q'MiA.  nroaei^n."  ...  _.       .  ...-> 

t  These  atrain  *  alon^  the  tl.»a  wlU  be  eqaa\  to  t\\otekt  tti«  poVtiV*  ftl  1».VBW^^.,  wBif  '«"*»]"*; 

of  the  truss  J.i  equal  to  i^  of  itn  apan ;  aa  \n  lb«  case  V*etc»Te  w*.    "WYvwi  \YwY«*\t^>a^tsa'^ 

ttrMtam  o«  the  Um  will  be  grMter  than  thoae  at  tb«  v^^^  <»*  »uv»<»tv,  »aA.^<(^M^w». 


W  (/ li'ie*-^  Eix  IliB  "niio  (1  ton*  »c!i*|  i,n>duci<l  nlDng  1 1  nod  >  4 
•  MO.*  'inii.  iJ.Diii.h..»n  moMpliUul/lnHaV  ,  Ij  111.:  il«nii«n« 
,  Itw  hoT  Uiw  A I  wiJl  elm  tlifl  Blniln  IIS  to»>)  imitucrJ  uliing  tl»  enlli* 
n^SI,t;  tliBlBhilwutr.     (isWniar  bitcaliiildcruduDChHtforri^EIj 

m  that  (4  fjof  Ibe  itrlumry  tfuh  a«  £^  but  tliey  wv>i>  rvpimntwl  IhTu 
to  Bh*tv  morgplutnly  that  the  F«ntnl  p*frtli>D  *  iri>f  tUaprimiirY  tl4  «T 


la  )>l*ia  'liu  Ihsportlunfi 


nnoroiwooM  be  (qmil  Ihrooghoal,  *m  il  not  for  (ba.. 

__ Hich.  at  l>,  c,  and  d  ant  fouD<l.t    Tfali  will  bsKcn  Ihiu:  His  •• 

WifJt.ftnilanfitrcn  Uamiii  euf  BJton>™Elii«lilcL»nifimna  by  an 

[a«V. arihoiiiiildla]ioml1iilognuii<>ffiircnfj  ay.  CDnsHivxttrllini 

"''ftCalDil  eaeb  otbcr  It  the  c^poille  endenribn  nrier.iittKluu»iiDi 

(it  of  b.-llDnvthmQ^bcDtltBPDlirB  length,  Affafn,  Ih»4  tiuuHtApm 

Inuf  'J-1  tone  iJoDff  Bold  tioTr.    DuC  llie4  tons  iit  r/ jmiducre  In 
uBOiiDl  of  Hniniaoag  tba  othei  IwlF,  /•.    Jloslt/,  tin  la  loi 

Kr.   ConBOHucnlly  ma  lukHB,  M  pnmlog  ilBiuliro  iimglli,  thell 


bitnlBi  aloiig  evury  uicmbur  of  the  truu.    Bus  Art  2B,  p  US. 

be  nita  or  prlowir  III'.  Initnd  of  being  hor  like  of  Is  Fig  R,  Mi 
out,  »■  ■■,  llg  i  J;  ur  ir  It  ii.nuHKl  only.u  lar  u  »,  mid  is  Umh  maf 

U  hU  Id  that  <1S  laai)  Hi  *,  the  ■moqnt  arUnil  frum  Bnll  uld  10  ti^ 
Adit  IH  (Fig  111)  lu  wlileh  tLe  tie  tn  Is  utually  rajacd  liton  U»  bo^ 

lA^iCtelEilFlinr  ][1u]P0L}aD4[^Di  dtv  Ihe  prod  by  tbo  reoitdiiiiie  hd^)^ 
^ —     "*-- 1,  vin  Art  l^.wa  miut  kiy  DlTlba  vert  e/.  Fig  20, equal  t-'^-^ 
Ibm  fuuwl ;  and,  after  drawtDg/Jk  panllel  to  the  ntMr, 

h  will  eiplaln  the  rawon  far  ™ine  Ilia  poTf  ions  nj  and  toy.  of  Ibe 

,  tbalitncaiffropiTWenlB  by  Bcale  Ihf  alrain  aionR  tf«  iWa..,  .___ 

FJiMidOJof  the  jiamHelognim,  gint  the  rMnltlng  «>talBi  aXon^t  V^a  V< 
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ties.  Now  if  we  take  one  of  the«e  strains,  say  gj^  and  on  it  as  «  dli 
allc>lo^ram  of  furceo  ujng^  witli  two  uf  its  sides  vert,  and  two  panUl 
then  7  n  will  give  the  vert  strain  which  gj  produces  at  e ;  and  Ju^  tk 
it  produces  at  ^,  in  the  direction  of  the  raftur.  Then,  if  we  measnra 
J  n,  or  gu^  we  shall  tiud  it  to  consist  of  the  2  tons  which  we  origm 
from  d  to  «,  by  our  swtnui  procf*s ;  and,  in  like  manner,  t  w  reprei 
transferred  from  d  to  c.  Since,  then,  the  strain  gj  is  made  ap  of  i 
since  J  n  was  transferred  to  «  by  caloulatinn  during  our  scteond  prooc 
mained  to  be  determined  by  measurement  in  the  third  process. 

Bni  3.  It  is  not  neoMtai^  aotaaUy  to  draw  all  three  of  the  parallelogrami,  as  It 
or  oeiiter  nae  alone  will  suffloe ;  for  we  need  onlj  div  the  several  strains  measnred  i 
Pig  21 :  and  along  the  ties  na,  n  e,  bv  2,  to  get  those  along  the  struts  4  o  and  4  {; 
ao.  CO,  ei,  ei.    And  these,  in  turn,  div  by  2,  will  give  those  along  the  smaller  si 
between  e  and  p,  Fig  19,  if  there  are  soeh ;  ^Bd  so  on  with  any  namber  of  still  sai 

Rem.  4.  The  student  need  now' have  no  difflculty  in  finding  the  st 
by  an  equaUy  distributed  load,  on  a  hor  Fink  truss,  Figs  26,  27 ;  the  ] 
simple  than  in  the  roof:  for  the  chord  being  hor,  and  the  struts  vert, 
forun  like  the  1.77  tcins  at  6,  c,  and  d\  and  the  strain  along  the  chon 
be  uniform  from  end  to  end.  In  Fig  26,  nn  is  not,  properly  speaking 
but  merely  a  beam  added  only  for  supporting  the  roadway.  If  the 
tended  for  a  hor  roof^  n  n  would  be  omitted.  The  vert  strains  at  t 
strut  may  be  at  once  written  down,  without  tracing  their  prog^ss  i 
Thus,  at  the  half-way^  or  center  strut,  d  c,  write  one  half  the  entire 
and  its  load:  at  each  quarUr-toay  strut  mm,  write  one-quarter  of  1 
weight ;  at  each  eighth-way  strut,  hhhh,  one-eighth  of  it,  Ac.  Thei 
of  the  struts,  set  up  vert  dists  along  the  struts,  by  scale,  to  represent 
Just  written  at  the  ton  of  each.  From  the  upper  ends  of  these  d 
downward  parallel  to  the  two  ties  at  the  foot  of  the  strut,  and  endin 
thus.coippleting  a  parallelogram  of  forces  at  the  foot  of  each  stn 
Draw  the  Hor  diag  of  each  of  these  parallelograms.  Measure  and  ad 
half  of  the  half-way  or  central  diag ;  one-half  of  one  quarter-way  oi 
vne  eighth-way  one,  Ao.  The  sum  will  be  the  uniform  hor  strain  al 
chord.*  The  strain  along  each  inclined  tie  will  be  found  by  measari 
the  parallelogram  which  is  on  said  tie.    For  Fink  bridge  trusses,  see 

Rem.  5.  Fifrs  31H  show  a  few  of  tbe  many  formfi  of 
of  Iron  rooflu*  Every  maker  has  his  own  modifications  of  tlier 
figs  explain  themselves.  They  vdll  serve  as  hints.  For  more  on  iroi 
'  R  and  P  stand  for  rafter  and  purlin.  In  small  roofe,  with  tbe  tm 
ft  apart,  the  purlins  may,  as  at  6,  be  simple  }/^  inch  or  ^  round  r 
apart;  and  the  slates  may  rest  immediately  on  them,  l>eing  tied  t< 
wire.  They  may  be  bent  down  at  their  ends,  and  riveted  to  the  rafte 
between  the  trusses  increases,  these  purlins  may  be  made  of  flat  iron, 
deep,  and  }4  inch  thick :  or  of  light  T  iron,  Ac ;  and  may  be  truased,  i 
admit  of  being  placed  several  feet  apart.  When,  however,  they  hari 
weight,  the  mode  at  c.  Fig  7,  of  confining  their  ends  to  the  rafters,  w 
Sometimes  they  may  be  arranged  as  at  y.  Or  the  purlins,  of  cithei 
may  rest  on  top  of  the  rafters,  as  at  1  and  5 ;  or  their  ends  may  re 
stirrup,  as  at  t,  Fig  2;  and  at  P,  Fig  4:  in  castings  placed  at  the  *' 
port "  of  the  truss ;  or  they  may  be  confined  to  the  side*  of  the  raftei 
irons,  as  at  P,  Fig  9.  Parlinn  shonld,  wben  praettrali 
|K>rte4i  only  at  or  near  the  **  points  of  support"  of 
as  a  general  rule,  it  will  be  expedient  to  arrange  the  number  of  th( 
reference  to  this  particular.  The  rafters  are  then  relieved  from  tran 
and  may  be  proportioned  with  regard  only  to  the  compressive  strain  : 
of  their  length.  Too  little  attention  is  sometimes  given  to  this  point 
verse  strain  is  overlooked,  to  the  serious  injury  of  the  roof.  It  is  W4 
bear  in  mind  that  thin  deep  rafters  are  liable  to  yield  by  buckling 
that  this  tendency  is  diminished  by  purlins  well  secun'd  to  them  futtw 
of  support.**  Sometimes  castings  similar  to  2,  are  used  at  the  head 
feet,  of  the  struts  and  vert  ties ;  which  laHt  have  their  ends  cut  into 
hand  screws,  for  insertion  into  corresponding  female  screws  cut  i 
At  3,  <  <  is  the  mnin  tie  passing  loosely  through  the  lower  opening  th 
iug.  Below  it,  is  seen  the  head  of  a  small  set-Dcrew,  for  tightenin 
casting  and  the  tie ;  to  prevent  the  former  from  slipping  out  of  plac 
lie  different  pjitterns  of  those  castings,  to  suit  the  obliquities  of  the  st 
or,  iu  smnll  roofs,  the  parts  a  a  m»vy  be  ma»ie  with  hinges,  for  the  san 

*•  rr  tbn  Hrutn  are  eqaidlntant.  and  of  fqnol  length,  encYv  »wtc««A\Tv^;QTi*«A  «m« 
>^  part  hh  loofi  as  the  cue  that  precede*  Vl.    The  wraVua  *\oTa%  VY«  «>)\\^>m  ««» 
mtuue  proporuon. 


TH 


i>  AS<4  and  Hmr*  ri 


-.  -.  _ — e  oT  mMiHnlBr  thin  metal  roof-eovcrlns  f,  to 

tflaai',  br  mniDi  ut  aliurt  ulnni  un  incfaj U-almiiBit  pl««ti  (citl  ti  a» 

V)ilBbBjl*iidopt«4wttbiH)rni£ittedln>n  covirin^,  vhlch,  bj  lit  itnMeth, 
1,_.  ...  i._  ....._|]  „,„,^  fe,[  iipari.    See  Cormgiiteil  Iiwo.   fhl 
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The  itndn  Z  tt  »  3.91  tom. 
*•  ifctt  =  4.25    " 

ju  =  4.02 
«  tt  =  4.47 


(( 


Tho  strain  I  g  '^  1.82  toni. 
**         kg  =  3.17    " 
"         jg  =  iM    « 
"  t^  =  4.47    « 


Mwt  or  Tort  is  of  course  strained  to  the  amount  of  a  fnll  panel-load,  whon 
Me  wt  ii*  Knppofl(^d  to  be  on  tup  of  tlie  truss.  If  tlie  loiid  i«  at  tlie  bottom  at 
iS,  see  ^*  III  tbe  Bollmaii  trwum^**  near  tlie  end  of  Art  20^. 

■  IH*  Tfore  rorre«t  vlewi*.  We  have  already  In'ntpd,  in  Art  11,  that 
rtlie  results  giyen  by  the  method  pursued  in  the  foregoing;  c^ihch,  of  supposing 
ire  wt  of  the  truss  and  its  load  to  be  concentrated  at  pdiutH  of  support  along 
the  top  nionc,  or  the  bottom  alone,  of  the  iruHS,  will  be  rorivct  only  in  pn>- 
I  as  the  truss  alone  vreiprhs  but  little  in,cdmparit»on  vith  its  uniform  load. 
hou}cIi  the  i-ntire  weight  may  with  iiropriety  be  cunsidered  ad  so  concentrated, 
)  wt  of  the  f '-•  M  ifoW/is  actually  distributed  along  b<»th  the  top  and  the  bot- 
nd  licforo  we  can  correctly  assume  these  separate  ]>ortioiiH  of  its  weight  to  be 
at  points  on  one  chord  only,  we  must  lake  into  couMidemtion  the  strains  which 
per  portion  produce^s  along  those  web  memliers  whicli  carry  it  to  the  lower 
r  which  tho  lower  portion  produces  along  those  which  carry  it  to  the  upper 
•  tlie  CHW)  may  l>e.  An  example  will  liost  illustrate  our  meaning;  and  will  at 
ae  tiiUH  oxIiiMt  the  mode  of  proceeding  to  he  adopted,  when  the  truss  has  uni- 
Dfuhi  along  l>oth  chords.  It  is  immaterial  in  that  case  wh<>tber  the  loads  be 
o  earli  o  her  or  not;  the  process  is  the  same.  In  roofs,  the  weight  of  tho  truss 
lly  ««  Hni:*.ll  in  c-mparifon  with  the  load,  that  the  ])re('edlng  metliods  are  suf- 
j  arcunit<*  for  all  prolmble  cases ;  but  a  g^eat  bridge-truss,  may  not  only  bear 
derulile  proportion  to  its  load ;  but  may  even  exceed  it.  After  explaining  prin- 
n  this  Art,  we  will  in  Arts  19  and  20,  giye  short  methods  of  calculation,  adapted 
;tice. 

13.5           9.5            5.5              3.5 
.5  .5  .5 L 


23  may  be  considered  as  similar  to  Fig  10;  but  In  Tig  10  the  entire  wt  of  both 
OSS  and  its  liNid,  or  4  tons  )M>r  panel,  was  assumed  to  be  placed  iiloiig  the  lower 
;  whereas  in  Fig  "Hi,  we  shall  call  the  wt  of  the  load,  3  tons  per  panel ;  and  that 
(nijtff,  1  ton  per  panel ;  and  shall  diy  the  latter  among  points  of  support  along 
bords.  We  thus  set  .6  of  a  t4>n  at  each  upper  support ;  and  -i-b  tons  at  each  lower 
I  written  in  the  Fig.  Now,  Ixiginning  at  «,  with  our  gfcund  process,  the  3.5  tons 
t  point,  pass  up  the  tie  e  t,  adding  a  strain  of  0.6  tons  to  tlio  .5  ton  already  there, 
we  have  4  tons  vert  strain  at  t ;  but  since  this  is  at  the  ctntfr  of  the  truss,  only 
sif  of  it,  or  J  tons,  pasMcs  to  each  abut.  Therefore,  2  t(»ns  will  })iuis  to  the  next 
of  support,  at  </,  on  the  lower  chord ;  and  here  they  will  me4>t  with  the  3.5  tons 
ly  there ;  making  5.5  tons  in  all  at  d.  These  5.5  tons  of  vert  strain,  ]miss  np  the 
[  to  1',  the  next  point  of  su])|>ort  on  tho  upper  chord ;  where  they  meet  the  .5  ton 

7  there;  tlius  making  0  tons  of  ycrt  strain  at  j.  These  0  tons  pass  down  the 
e« making  9.5  tons  at  r;  and  thus  on  throughout:  until  the  finsl  vert  strain 
tons  at  /  is  transmittetl  along  the  strut  I  a,  to  the  abut  a ;  where  it  mi'ets  the  2 
already  them;  thus  making  up  16  tons,  or  one-half  the  entire  wt  of  Imth  truss 
«ul«  as  in  Fig  10;  and  wldch,  as  already  remarked^  must  always  bo  the  case  in 
Bi  of  this  kind. 

w,  in  Figs  10  and  23,  we  have  written  along  each  ycrt,  the  stmin  in  tons  which 
Mains, according  to  calculation;  and  it  will  l»o  seen  that  when,  as  in  Fig  10,  M-e 
on  M  the  uniform  wt  of  truss  and  load  to  lie  U|>on  tiie  lowrr  chord,  then  the 
liated  strain  along  each  vert  will  he  grfof^r  than  when  we  adopt  tne  more  cor- 
Mmmption  that  one-half  of  the  wt  of  the  tnira  \tae\t  \a  \>on\Vi  V-^  \\v^  -vv^v^x 
L   Tkm  error  im  thm  saae  in  Amoani,  along  each  ^erl ;  and  al  «wc>cv  ol  \Xi«ni  \x.\^ 
to  half  the  wt  otn  panel  of  trnmn  alone ;  or  .5  of  a  ton,  \u  out  ex!a5wv\»i%\'«VvO 
Mral^^tod  fimm  the utrmln  on  «ich Tert  whon  ftT«rtiteT  ai-t^iTWc^  \« x^op^x* 
*■  oAMnwtf  thmt  in  Fig  23,  tho  lulf  weight  oC  X\i«  tTxwa  «\oi\%  \Xfc»  ^V 
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chord,  is  actaally  transferred  to  the  lower  one,  by  the  correct  method  iIm 
portion  of  it  at  i  is  not  transferred  to  e,  as  is  assumed  in  Fig  10,  but  to  d, 
is  transferred,  not  to  d,  luit  to  c,  &c.  Hence  tiie  diff  between  the  resnlti  o 
modes  of  calculation.  This  diff  does  not  affect  the  strains  along  the  other 
of  the  truss :  but  they  remain  the  same  by  either  process.  In  the  Wuren  i 
11,  the  obliques  are  affected.  Now,  if  in  all  cases,  the  assumption  tliatd 
form  wt  is  on  one  chord,  gave  the  results  too  great,  the  error  woHnld  be  a 
of  safety,  and  therefore  not  very  oUJectienable ;  but  it  does  not.  Vor,  if  in . 
assume  the  entire  wt  to  be  on  the  tap  of  the  truss :  and  that  in  Fig  23, 8^  t 
each  upper  point  of  support,  and  .5  of  a  ton  at  each  lower  one,  (except  tb 
abuts,)  then  the  result  will  be  reversed;  and  the  calculated  strain  along  (MM 
Fig  10  will  be  too  smali^  by  the  wt  of  half  a  panel  of  truss  alone,  or  .6  u^i 
cannot  f>pare  the  space  to  illustrate  this,  and  other  cases,  by  a  fig,  as  wedi 
ceding  one.  The  student  can  readilv  do  tbis  for  himself^  by  drawing  a  ske 
truss,  and  performing  the  process  by  its  aid:  and  the  same  remark  wp 
next  Art.  Tlie  method  of  the  present  Art  is  extremely  useful,  as  it  enabM 
the  true  strains,  be  the  load  where  it  may. 

Art  19.  We.  however,  now  give  the  corrections  to  be  made  in  the  vpn 
strains  along  each  of  the  verts  of  several  trusses  calculated  on  the  erroneomai 
of  all  the  weight  being  along  one  chord  only.  Those  corrections  are  bewed  o 
position  tliat  the  upper  and  lower  members  themselves  are  of  equal  weigh 
they  generally  are,  approximately  enough. 

In  Fig  10,  or  in  Figs  23  a,  2a  6,  from  tlie  strain  on  each  vert,  deduct  the  w 
panel  of  the  truss  alone.  In  Figs  23  e,  2;i  d,  add  this  }^  panel  wt  of  tmai 
each  vert. 

In  Fig  14,  if  all  the  wt  has  been  assumed  to  be  on  the  rafters,  add  the 
panel  of  truss  alone  ;  or  if  on  the  chord,  subtract  it,  from  each  vert. 

Also,  in  Fig  16,  weight  along  the  hor  top,  subtract  ^  panel  wt  of  truss  i 

In  Fig  16,  wt  along  rafters,  add;  wt  along  chord,  subtract  this  ^  panel 

In  Fig  11,  (the  Warren  truss,)  of  two  hor  chords,  and  a  series  of  equal 
whose  sides  are  equally  inclined  to  their  bases,  if  we  assume  the  entire  v 
and  load  to  be  equally  distributed  along  either  the  trip,  or  the  lyMnm  citnrd  al 
the  two  Warrens  at  Figs  2:i«,)  then  the  calculated  strains  along  the  i\ 
ohliquMi  e  7*,  e  t,  one  on  each  side  of  the  center,  will  be  too  gn:'eat ;  and  % 
them  each  way,  toward  the  abuts,  the  strain  on  the  next  web  member,  as  i 
too  small ;  that  on  the  one,  dj^  too  great;  and  so  on  alternately  with  thei 

The  amount  to  be  alternately  subtracted  and  added,  is  the  same  for  all  th 
of  the  Warren :  and  is  equal  to 

]/^  weight  of  one  panel  of  truss  alone  X  Ui^fth  of  an  oblique 

vert  spread,  or  height  ofobUque. 

Or,  (which  amounts  to  the  same  thing,)  to  V^  of  the  wt  of  a  panel  of  trnss  a 
by  the  nat  secant  of  the  angle  to  B,  Fig  11,  which  the  oblique  t  o  Arms  v 
Une  o  B.  To  find  this  nat  sec,  div  the  length  f  o^  of  an  oblique,  by  iti  vert  i 
Ubm.  Observe  that  in  the  Warren,  only  on^fourtk  of  the  wt  of  a  pancd  ' 
made  use  of,  instead  of  one-Aa//,  as  in  the  preceding  cases. 

Tertii  are  sometimes  ndded  te  «  Warren  trnss,  either  i 

ties,  when  the  stretches  of  chord  between  the  obliques  become  so  long  as 

additional  support.  These  in  no  way  affect  the  strains  on  the  obliques  of  at 

truss ;  or  of  one  equally  loaded  along  both  chords :  except  that  they  increas 

the  very  end  ones,  when  there  is  a  vert  in  the  end  triangle.    This  excep 

ever,  is  generally  too  small  to  require  attention  in  ordinary  practice.  EacI 

tains  the  weight  of  half  the  stretch  of  chord  to  which  it  is  applied ;  together 

(^any  load  that  may  be  on  said  stretch.    Thus,  in  Fig  11,  the  vert  post  B, 

tlie  stretch  tu  of  the  upper  chord,  sustains  the  half  stretch  A  A,  and  wha 

it  may  have  on  it.    So,  if  there  were  a  vert  tie  from  <  to  V,  It  would  sust 

of,  and  on,  J  J.    The  strains  on  the  obliques  uo.ot,trt,  would  remain  tl 

if  there  were  no  verts;  for  the  latter  are  in  a  great  measure  independc 

former.    Strains  travelling  along  the  obliques,  from  the  center  of  the  ti 

abuts,  do  not  i)a8s  through  the  verts  of  a  Warren  truss.    If,  however,  tl 

loaded  along  one  chord  only,  then  the  verts  change  the  strains  on  all  theO'' 

the  extent  of  }/^  panel  of  load  mult  by  nat  sec  of  brace  angle.    On  a  cent 

the  strain  will  bo  reduced  that  amount;  on  the  next  one  it  will  be  t'ner 

much ;  and  so  all  through  the  truss,  alternately  reducing  and  increasing. 

Id  Fig  •22(thti  Bollman  truss)  the  ven  poHla  do  Tvot  appmr  \o  twrtainUM 

below  theru\  but  in  practice  they  generaWy  do  «o  Vci«kfsc««X  TMMraiiA\> 

prevent  tbeae  rods  from  sagging,  tUey  «x©  tacude  to  T««t  xk^oti  \iQicik&V« 

fUTHngement)  fixed  to  the  sides  of  the  posts.*  TYiewtoTO,  niYicu  ^>ft Vfc  < 

•  The  aams  with  long  rods  la  the  Flnlt.    11  \e»wik»  ^»»«*x  x\Xw»ttw» 
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d  Eu.  Odd  apheU  by  tho  p«U,  wb  muy  il^uot  ^  the  wt  of  «  hdbI  or 

U-Hqija]  ID  tha  wt  ofn  wjiulQ  fuivl  ol  truHa,  if  tUvpucIB  tuppi'irt  llie  Lad ; 

"uk  rngf;  urllgsas,  3T.  of  liridgM  i  owing  h>  Um  tnct  llial  when 

|BJa  iiie'tuiuuf  the  puMit  In  (Ucli  KtDKUDcru  Id  cauie  ilie  lul  lusuiMia 
lliMiolc  wlsf  Difl  Inui.  wWlii^r  tlie  load  be  au  Ihelpji  or  tlie  lKittuin,M 

'^V't,  l>  ie  Ima,^  miidii  lii  thnl  Kriei  of  puna  whIcU  txw  Ills  leut 

UnpEMtliiiDuilibArl  the  vu  of  the  aiijwr  and  lower  neinlienlotiardi 
b  Kre  enppotitd  to  be  eqmlr    Oeiiemllj  tlivj  a,tv  bo  approilni^itelj  eqiul 

plover  |lolDt  of  support,  ItH  i^epi>^idn  of  tli6  upper  and  luwur  wte. 
pO.    Sb«rter  praemveii  tnr  BbiIIuk  atntliu  an  tnuaca. 
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■ 

the  amount  of  tho  entire  wt  of  truM  and  load  along  one  panel ;  the  next  vwt 
panel ;  tho  next,  h  g^  'l\(^  pancltt;  and  so  on,  throagb  any  namlier  of  VBfti; 
the  wt  along  one  panel,  to  each  succeeding  vert. 

In  Figs  *2:i  c,  and  2-'t  d,on  the  same  supposition,  the  centre  Tert  ed  rastBbn 
but  the  trifling  wt  of  the  panel  length  ^  6  of  the  unloaded  chord  Itself.   Thi 
vert,  e/,  sustains  V^  panel  wt  of  truss  and  load ;  the  next  one,  A  9,  l^paaal;, 
next,  k  o,  2^  panels ;  and  so  on,  with  any  greater  number.    Thene  m«y  ram  bli 
rectod  by  Art  Itf.    In  any  of  the  four  figs,  in  a  sfmple  unloaded  tnui,  wUk 
and  lower  halves  of  the  same  wt,  the  strain,  on  the  center  vert  is  equal  to  hi 
wt  of  a  panol ;  on  the  next,  a  whole  panel ;  on  the  next,  2  paneM':  then  % 
panels ;  and  the  same  if  the  truss  be  equally  and  uniformly  loaded  along 
chords.    The  weights  in  the  last  case  of  course  include  both  truss  and  load. 

Correct  strains  on  the  obliques.    These  are  the  same  in  all  tfai 

flgs ;  not  only  when  the  entire  wt  i«  incorrectly  assumed  to  be  on  one  chord 

but  also  when  it  is  pmperly  proportioned  along  both  chords.    If  we  div  the  ll  , 

tg^  of  any  oblique,  Inr  its  vert  spread  or  stretch, /e,  or^  K  the  quot  will  be  tht 

■00  of  the  an^clo  g  ej,ortg  h.  which  the  oblique  forms  with  a  vert  liiie/«,  orf 

and  it  is  evidently  immaterial,  therefore,  whether  we  first  mult  any  given  wt  bf ' 

length  of  an  oblique,  and  then  div  the  prod  by  the  vert  stretch ;  or  whether  ■• 

once  mult  the  wt  by  the  nat  sec.    But  when  there  are  many  obliques  of  the  ■ 

length  and  incliuation,  the  nat  sec  becomes  the  most  convenient.    If  tlie  leogti^l 

an  oblique  be,  say  21.4  ft,  and  its  vert  spread  14.8  ft,  then  the  nat  bbo  wllf  I 

21.4 

^-pr  =s  1.47  ;  near  enough  for  practical  purposM. 

14.6 

For  the  correct  strain  on  each  center  oblique  <2/,  <f  s,  no 
where  the  uniform  load  may  be,  mnlt  the  wt  of  ^  a  panel  of  truss  and  load  by 
fee.    For  the  next  om*,  «0r,  mult  l^  panels  by  nat  sec;  for  the  next  one,  Ai^ 
panels  X  uat  sec ;  for  the  next,  k  s,  3^  panels  X  nat  see ;  and  so  on,  wiUi 
number. 

Or,  in  any  of  the  four  flgs,  the  correct  strain  on  any  oblique,  as,  for  instance,! 
may  be  found  thuH :  Mult  together  the  hor  dist  t  >,  from  the  center  of  the  obliqi 
the  center  of  the  trusH ;  the  wt  of  the  truss  and  load  per  foot  run  ;  and  nat  eec. 

In  all  the  foregoing  cases,  instead  of  mult  by  nat  sec,  we  may,  if  more  conTen: 
first  mult  by  the  length  of  tho  oblique,  and  then  div  tho  prod  by  the  vert  epraed 
Art  19,  see  reference  to  Fig  10. 

Rem.  These  rules  for  tho  obliques  are  always  safe ;  and  are  perfectly  correctlbral^ 

except  that  in  casus  like  Flgs  23  a,  23  b,  where  one  of  the  chords  is  not  extended  ti 

the  length  of  the  other,  the  rules  give  the  strain  on  the  very  end  obliques  ratbertoe 

great.  But  in  practice  tliiR  may  be  neglected ;  and  the  rule  adopted  as  a  safe  wofrkisf 

,      one  in  all  four  cases,  under  uniform  loads. 

I        Correct  strains  on  the  chords.    These  are  the  same  in  all  fiivl^ 

I     as  also  when  the  wt  is  properly  distributed  along  both  chords:  and  are  grealMtil 

!      the  ctfuter,  and  l<»ist  at  tho  ends.    Tbey  do  not  diminish  gradually  between  ' 

I      limits ;  but  are  uniform  along  any  one  stn^tch  of  chord.   Thus,  the  strain  is  nniii^ 

or  the  same,  from  ^  to  A ;  or  from  hio  f\  but  that  along  hf.\»  greater  thM  M 

'     along  k  h.    Also,  tliat  along  «  d  is  uniform  ;  and  is  greater  tlian  that  along  A  c  !■ 

all  coses  the  strain  on  the  upper  chord  is  pros,  or  push ;  and  tltat  on  the  lower,  ti^ 

sion,  or  pull :  all  of  which  has  been  shown  in  previons  Arts.  The  strain  between  tkl 

upper  ends  of  two  adjacent  obliques,  is  equal  to  that  between  their  lower  ones;  tfa^ 

that  along  h  e  is  equal  to  that  along  oy ;  that  at  «  d,to  that  at  gf\  thatat/%tt 

that  between  tho  ends  which  meet  at  d.    See  foot>note,  page  276. 

For  the  correct  strain  at  the  center  d  or  c,  of  either  ehatli  ' 

mult  ^  the  wt  of  the  truss  and  load,  by  ^  of  the  span ;  and  div  the  pro<I  tarM  1 
heiglit  or  depth  of  the  truss,  measured  from  center  to  center  of  chords,  (see  Alt  ll3 
or,  which  amounts  to  the  same  thing, 

enHrt  weight  of  ^  ^^ 
Strain  at  center  _  truu  and  load  ^  'P'^ 
of  either  chord       ~s  timet  height  of  truu. 

These  two  rules  apply  to  the  Warren  (Figs  23 e)  also;  as  do  likewise  the  ft>llofvllft 
using  the  four  letters  t,  x,  ^  r,  of  tboso  figs;  and  remembering  that  tlie  horifMi 
ofun  oblique,  in  a  Warren,  is  half  tho  base  of  a  triangle. 

#*or  the  correct  strain  at  each  enA  k  «v  a,  of 

mult  all  the  wt  of  truuH  and  load  between  U\«  ceuX«Ti«ol  \\\«  \x>M&\«xA>3M«nMt^ 
of  the  end  oblique  *  it ;  by  the  nat  tang*  oi  tVie  aa^Va  •  k  o,\oTOgAA.\ki 

*For  thU  nat  lang,  div  the  hor  sprmd  •  •,  ot  xtaa  o\a\^»»  •l^>9  >«a' 
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Or,  which  amounts  to  the  same  thing,  mnlt  the  same  wt  by  the  hor 
16  end  obliqiie  $ k^  and  div  the  prod  by  its  vert  q)read ok. 

rain  «i  any  point  betwc»en  tbe  center,  and  tlieend 

lOrd  ;  as  at  the  point  g  or  e\  and  from  there  toward /and  d.   If  all 

alike,  add  together  the  dist  t  x  in  ft,  from  the  center  of  tbe  truss  to 

tie  oblique  at  whose  end,  g  or  f,  the  strain  on  the  Chord  occurs ;  and 

similar  diuts  i  /,  t  v,  to  the  center  of  each  oblique ;  to  the  end  one,  <  ilr, 

together  the  sum  of  these  dibts ;  the  wt  of  truss  and  load  pirJwAnm  ; 

of  a  panel ;  aod  div  by  the  height  of  a  panel.    Or  mult  tc^ther  tbe 

'  ft,  and  nat  tang. 

are  not  alike,  firttt  find-  the  end  strain  at  Jb  or  s,  as  preriouslydireoted 

d ;  then  find  separately  the  strains  at  the  intermediate  points  k,  f,  or 

e  pruccHS  as  for  finding  the  end  strain  at  A:  or  «;  assuming  h  o  and  e^ 

end  obliques.    Add  all  these  strains  together. 

ren 

>8ing 

t    of 

to  l>e 

»uted 

r  on- 

e  top 

one; 

On 

as- 
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panel  X  nat  see  of  angle  %  a  b.* 
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it 


((        U 


CI 


The  strain!  Ans 


and  b  c ; 

and  d  e; 

and  f  m ;  eadi  =»  lof  on  2^ 

and  k  n ;  each  =  vst  on  Zy^    "       X 

!i  any  more  pairs  on  the  same  side  of  the  truss, 
lecessary,  be  readily  corrected  by  Art  19. 

set  strains  on  tbe  chords,  whether  at  the  center,  ends,  or 
)int8,  no  matter  where  the  uniform  load  may  be  placed,  may  be  found 
mediately  preceding,  for  the  four  hljcs  23a,  &c ;  using  the  four  letters 
in  all  six  figs;  remembering  that  the  hor  stretch  6  o,  or  o  «,  of  any 
«  a  of  a  Warren  truss,  is  equal  to  half  the  base  of  one  of  the  triangles, 
ren,  the  only  obliques  used  for  fln(fing  the  strains  along  the  chords, 
i  «,  f  m,  k  n,)  which  are  parallel  with  the  end  one  k  n.  Use  the  nat 
;le  o  a  o,  or  «  a  o,  which  an  oblique  b  aor  sa  forms  witli  the  yert  a  n, 
n  a  Warren  is  found  by  div  half  the  base  6  o,  or  «  r>,  of  one  of  the  trl- 
eert  spread  a  o  of  an  oblique  haor  sa.    See  foot-note,  page  276. 

In  cases  like  the  following  fig,  which  is  an  opened  swlnfr* 

»orted  on  rollers  at  c ;  and  by  ties  ah^apian^  Ac,  we  may  consider  the 
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tie  a  6  M  ■nstainlng  all  the  wt  along  r  ft;  ap,  thnt  along  •  r,  a  n,  thatilM|M| 


the  wt  of  X  m  being  directly  siutaiDed  by  the  roilen  on  top  of  the  )itor. 

.,  .       wtofr6x<»t      — .^  wt  of  or  X«P     —-»  — J 

strain  on  a  6  =  — .     That  on  a  o  »> — — =-.     Tfau  «■  I 

ac  ^  ae 

.    The  strains  on  the  obliques  on  the  opposite  aide  will  of  sNtf) 

the  same.  The  wts  of  r  b,  o  r,  m  o.  Ac,  produce,  monover.  hor  prtuii^g  stntaM 
U  to  c  These  are  least  at  the  end,  from  6  to  r;  and  greatest  towaid  the  eri( 
from  o  to  c.  Ip  such  bridges  the  chord  nuist  l)e  so  designed  •»  to  resist  tlieseiMl 
as  well  of  those  of  tension,  to  which  it  is  subject  under  pacuing;^ loads  whsn  AA 
These  strains  are  as  follows :  That  from  the  wt 

o/rb  =  — ^ ;  ondextendw/rombtoo. 

«  o  r  =  ^i^^^^-^lPfj  ««i  «te„d./W«.  r  to  e. 

fi  c 

.  „  o  -  5!i:5^H^><-^ ;  and  «<«<& /V<«.  o  to  o. 

Or  C 

Hence,  the  length  oc  t)ear8  the  strains  from  nil  the  wts  mo,  or,  and  r(;  tbtki 
o  r,  bean  tliose  from  the  wts  o  r  and  r  h ;  and  the  length  r  6,  only  that  fkoa  tti 
of  r  b.    The  otlier  half,  or  d  c,  will  be  strained  the  same. 

If  the  bridge,  instead  of  resting  on  rollers  on  top  of  the  pier,  is  nipported  sitt 
by  means  of  the  obliques,  and  of  the  center  poet  a  c,  then  we  miuit  vuusidsrill 
a  n  as  supporting  all  the  wt  along  c  o.  ' 

If  tlie  flgr  be  Inverted,  the  strains  will  be  the  same  in  amount:  tafe 
obliques  will  thon  Itecome  struts ;  while  //  c,  and  d  c  will  become  ties.  If  tm^ 
a  ft  c,  of  the  fig,  by  itself,  be  a  f»rojecting  platform,  resting  on  a  wall  at  the  M 
and  otherwine  upheld  l)y  the  oblique  ties;  the  calculation  will  be  the  same;  IDI 
if  it  be  inverted. 

Art.  80V^.    MoTlnir  1oa«lii.  an«l  coniiterbrfMsliiir*    "^e  "ImII  ■> 

glance  at  this  8ul>juct  in  h  superficial  niHuner;  without  pretending  to  discaa 
comparative  merits  of  diflT  forms  of  bridge  truss.  Ah  already  stated  in  lUiaaik|i 
10,  counters  are  not  needed  in  a  truss  uniformly  loaded  fh>m  end  to  end.  The* 
wiiich  we  propose  for  finding  the  strains  produced  in  beam  tnuitefl  by  moTioff  IM 
differs  from  thut  coniuionly  used.  It  renders  the  principle  more  apparent;  i* 
equally  n-liable  and  safe. 

To  assist  in  illuHtrating  the  calculations  for  strains  produced  by  morinc 
shall  suppose  the  following  Fig  iHf,  to  represent  the  two  trusHea,  combined li 
of  a  span  m  a:  of  \'2H)  feet ;  divided  into  tf  panels,  each  'JO  ft  long,  and  Sii  It  hll^ 
in  other  wordi,  we  (for  ci>nveuience  of  calculating)  snppose  all  to  be  borne  Itft 
truss  only.    The  weight  of  this  double  truss  is  48  tons;  or  8  tons  per  panel; or ij 
per  ft  run.    The  floor,  and  its  several  timbers,  such  as  cross  grfrders,  hor  r 
which,  although  not  portions  of  the  truKx  jnroptr^  are  essential  to  the  Inidgi: 
be  considered  as  so  much  iiermaueut  load,  equally  distributed  along  the  tri^ 
assumed  to  weigh  an  additional  'J^  tons ;  or  4  tons  per  panel ;  or  .'i  ti>n  per  ft  IW 
the  double  truAS.    Therefore,  the  truss  and  its  accompaniments  together,  or  In iV 
words,  the  Itridge  superstructure,  weighs  7'J  tons;  or  12  tons  per  panel;  or.trfij 

per  ft  run.    Since  each  panel  is  'iO  ft  long,  and  30  ft  high,  each  oUiqne  is  1^3 

=3  36ft  long:  and  the  nat  see  of  the  angle  which  it  forms  with  a  vert,  (orw  &•' 

■  N  1      length  of  oblique         Ji6        _  _  ...  .  ,  ...         _^ 

onyU,)  is      .     -, —  =  -    =*  1.2;  and  the  nat  tane  of  the  wub» 

•^  ^'  its  vert  spread  30  '  ^^ 

hor  spread         20 

-. =  -■    =  .6uo7. 

vert  spread         30 

The  moving  loud  is  assumed  to  consist  of  an  engine,  y«,  weighing  3ft  toM;d| 
which  is  Biip|io.stf<l  to  be  so  concentrated  on  its  drivers,  as  to  stand  upon  ths  1^ 
of  one  panel ;  >ind  bo  upheld  by  each  vert  in  turn.  The  engine  is  Bupi>osrd  ^^ 
lowed  by  a  tender  and  cars,  weighing  21  tons  per  panel ;  or  l.CKS  ton  per  ft  nut  ** 
last  (or  rather,  1  ton)  is  an  ordinary  allowance,  and  a  safe  one ;  inasmnch  m  ta* 

of  loadeil  cars  never,  perhaps,  weigh  1  ton  per  foot ;  and  conipMmtlvsly  f 

eren,  oxceed  tliat  limit. 
Tile  irreater  danger  from  enKli>e»t%  mTJmwfc trogk^^iW^ttst hi 

ttri\ 


The  irreater  danger  from  «i*iKli*eit,mT%m«*ttOTk^<iW^Jrth»J 

thorn,  especially  in  heavy  freight  eugViwa,  «A\  \,\\ft  niX  Va  w>tkmA\iiita&  ^v^j" 

' * iag  wheels ;  which  are  so  close  togelYiet  t\«X  %^  «  *ft  V».  «i^»am-\^' 
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%m  hare  its  entire  wt  sn^tained  upon  only  12  to  15  feet  length  of  the  truss ; 
iiinnng  a  great  strain  upon  each  individual  web-member,  as  it  crosses  the 
w  This  point  is  one  of  the  greatest  importance  in  arranging  the  preliminary 
'hich  is  to  form  the  betsis  for  calculating  the  strains  on  a  bridge  truss ;  and  mre 
1  allow  liberally  for  the  greatest  load  that  can  possibly  be  brought  upon  one 
at  a  time.  When  the  panels  are  quite  short,  each  one  will  have  of  course 
tain  only  a  smaller  portion  of  the  wt  of  enKine;  it  may,  indeed,  have  to  be  di- 
among  2,  8,  or  4  of  them.  But  few  engines  weigh  over  42  tons ;  but  with  the 
steel  rails,  it  is  probable  that  both  their  total  wt,  and  the  wt  on  each  driver, 
y  degrees  be  increased.  This  should  be  considered  in  designing  bridges.  We 
;  think  they  should  be  proportioned  for  Uu  than  5  tons  on  a  driver, 
fact  that  the  engine  produces  upon  each  panel  in  succession,  a  greater  strain 
tn  equal  length  of  loaded  cars  can  do,  causes  a  modification  of  the  CMlcula< 
as  will  be  seen  as  we  proceed.  ^ 

fi  data  must  be  prepared  before  beginning  the  calcinations.  Our  assumptions 
case  liefore  us  have  been  made  entirely  with  reference  to  ease  of  calculating 
ample  with  but  few  figures.  Our  truss,  together  with  a  load  of  cars  extending 
md  to  end,  will  weigh  198  tons ;  or  1.H5  tons  per  ft  run ;  or  33  tons  per  panel, 
'iug  prepared  a  diagram,  begin  by  finding  the  strains  caused  in  only  the  verts 
iiliques,  by  the  bridge  itself.  By  Art  '2U,  Fig  23a,  the  apf>roximate  strains  on 
irts,  when  there  is  a  uniform  load  (in  this  case  the  floor)  on  the  lower  chord, 
and  to  be  as  follows : 

Strain  on  ep  =  weight  of  IpanH  qftnut  andfloor^  =  12  tant, 
"       on  ho  and  cq,MchlU    "  "  "        =:  18    " 

»•       on  i  n  awi  ar,  eadi  2>2    "  "  "        =  30    " 

we  must  correct  these  by  Art  19,  by  deducting  from  each  the  wt  of  V^  a  panel 
IS  alone,  or  4  tons ;  which  leaves  for  the  true  strains  as  follows :  On  ep,  8  tons ; 
and  C7,  each  14  tons:  on  in  and  a  r,  each  26  tons.  All  of  which  write  on  the 
jn,  as  shown  in  our  Fig  23/,  near  the  feet  of  the  verts.  We  shall  write  all  our 
or  bridge  strains,  near  the  feet  of  the  web  members;  the  strains  from  the 
g  load,  near  their  tops  ;  and  the  total  strains,  near  their  centers. 

t  find,  by  Art  20,  the  strains  on  the  obliques,  resulting  from  the  bridge  alone, 
ows : 

•  e  o  or  e  q,  =s    I4pan  trust  and  floor,  X  not  sec,  =   6  X  1>2  =   7.2  tons. 
«  h  n  or  c  r,  =  iJI  pan    "  ♦'      X  nal  se/s,  =  18X1^  =  21.6     " 

»  i  m  or  a  X,  =  2%van    "  "      X  nat  »«r,  =  30  X  1.2  =  36.0     " 

also  place  on  the  diagram  near  the  feet  of  the  obliques,  as  in  our  fig. 

tow  have  the  strains  on  the  web  members,  resulting  from  the  truss  itself,  and  from 
fonnly  distributed  permanent  load  of  flo<>r,  &c :  and  are  prepared  to  begin  with 
Iditioual  strains  re8ulting  from  the  mc)ving  load.  We  find  those  on  the  conn- 
a  tme-half  of  the  diagram ;  and  thoce  on  the  main  obliques  and  veiticals,  on  the 
half.  First  suppose  the  engine  to  be  iu  the  position  y  z^,  on  the  half  diagram 
ritk  the  tn^n  reaching  to  the  farthest  end  m  of  the  truss.  In  this  position  of 
oving  load,  the  veit  a  r,  and  the  end  oblique  a  x.  Will  be  more  strained  by  it 
In  any  other ;  and  their  strains  will  be  produced  by  that  portion  of  the  load 
lay  lie  regHrd<:d  as  being  first  concentrated  at  r ;  and  as  passing  thence  up  r  a 
and  from  a,  down  ax  to  the  abut  x;  together  with  another  portiuii  which,  after 
ling  fn>m  r  to  a,  passes  oif  to  the  other  abut  m,  without  deKcending  alone  a  x. 
id  these  portions,  the  truss  may  be  considered'  as  a  simple  beam,  or  a  lever, 
^  off  into  six  equal  divisions  at  r,  7,  j>,  o,  u.    In  that  case  we  know  (from  the 

rie  of  the  lever)  that  if  any  load,  as  for  instance  our  engine  of  36  tons,  be 
uniformly  along  y  z,  its  whole  wt  niay.be  assumed  to  be  concentrated  at  the 

B  point  r ;  and  that  ^  of  it  will  be  borne  by  the  nearest  abut  x ;  and  only  -^  by 
rthest  abut  m.  So  also  with  the  panel  length  yw  of  cars ;  its  wt  being  supposed 
Dtrated  at  q,  f  of  it  nmst  be  borne  by  x ;  and  f  of  it  by  to.  Of  the  cars  to  t>,  ^ 
•me  by  x ;  and  J  by  m.  Of  those  along  r  u,  |  are  borne  by  x ;  and  J  by  to  ;  of  those 
If  f,  ^  by  x ;  and  ^  by  to.  Of  the  half  panel  of  caw,  sm,  ^-  part  goes  to  x,  be- 
tm  is  2V  part  of  the  span ;  t  being  the  cen  of  grav  of  the  half  panel  of  cars, 
present,  however,  we  have  nothing  to  do  with  any  of  the  portions  that  go  to 
ceept  to  ramark  that  each  vfrt  in  turn  really  sustains  the  entire  wt  of  the  engine* 
I  strained  by  it  all ;  but  when  this  entire  wt  reaches  the  toy  of  the  vetV^wV^ 
wtlon  f ,  88  above  stated,  go  down  to  ax  to  the  abut  x.    TV\e  T«ava\TAtk\^  V«>  V^^^*^ 

tMetfy-  onmH;  but  a  nfe  mad  adviiable  auamptlon  In  vraotl<M|llYk«OL^.\lk«  «ii>iA«'«^>^  ^ 

18 
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c»n  y  IE,  or  14  IDM ;  J  oT  thscinw.or  lU.S  Idtii;  {otomorr  ,un>^>jtfi^Kl 
ton*;  >nd  ,'r  uf  i  w,  ur  ,41  of  « Inn ;  miking  A-'^.tt  tout  la  ill,  im  burns bjibirf 
x.wta«n  Uia  moiing  knid  i>  In  tin  pualUiu  ihowii  In  our  ftg.    Thlilu^ufNN 

llgllHlawUiehiw(liuK"tliigiii«iitr." 

Wanaitaiip|.iMi'llii<Fii|i;iiwloliiioklBlul)i«|n«tlDn  jru;  willillio  tnlimril 
to  Hi  uiil  with  IH>  Irud  tioivven  V Mill  s.  Id  Itaiapoiltiun  Ilia  atimina  ok  ii^bI 
■n  grwlar  tlutn  Id  uiir  oiliac!  anil  liyi  pivnaaa  |iniclHly  ih  l«lure.  andatla 
□nder  uur  As.  tul"V  »ia  >u«dli«  -  HuKlua  at  i,"  wt  flud  tlinl  U^l  biiu  of  tfaoBgi 
IuhI  na  tnltas  HbDEcipiualiigrrainv  lu  c  i  Hal  mim  c  tu  r,  on  Ihalr  wiq- lu  IL  H 
plulng  th*  aoicine  at  iia,  Iba  nan  nnvliliiE  lo  «.  nod  iu>  load  Inlwwui  laaal^ 
■Injiii  iin  uraiul  r  n.  nn  tlie  luulmuni  thai  Uiaynui  lig  gotJaulHl  tobiaaoi 
and  train :  and  an  fjiind  Ilk?  tlie  ollian,  u  nhowu  nixlrr  -  Unglna  al  p."    Wii 


■vqBlred.  Tu  olitiUii  It,  wd  dtnw  llio  twolliwiiji,  aiid  i  o,  pnnlM  to  Iheobfl 
Ml  thaiqipnallflgldaoftlia  tum^  nnd  taking  it  for  ifnnted  for  l1i«i>reiiFnl,  Dial  t 
two llnniTU BHinlon.  welxu^k  thecnninn  to  nu. and  ttiw  to  uf :  ixrfomliic 

counter  hp  woald  Iw  n>i>ii>  •tnitn«d  irlih  tlieengtin  on  vu,  imdtba  train  nat 
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the  truss  strains  n»ar  their  feet ;  we  liarre  only  to  add  these  together  to  Ind  tti 
strain  on  eacli ;  namely,  97.4  tons  on  a  r;  71.4  on  cq;  and  54.tf  on  ep,  Wthw 
done  with  the  main  obliques,  and  the  Tert«. 

For  (be  counters,  we  go  to  the  other  side,  p  m,  of  the  tnus.  B|^ 
with  tlie  panel  e/io/i,  we  examine  its  two  diags  /ip,eo^  and  see  that  with  thee 
at  V  a,  and  the  cars  reaching  to  m,  there  is  produced  in  the  counter  A  p  its  ma 
strain  of  19.1  tons ;  which  tends  to  cause  in  the  truss  the  kind  of  derangeiBmH 
in  Figs  9}4t  ^t  Mid  9  6.  Now,  tu  resist  this  derangement,  there  ia  ntmilBf  b 
7 '2  tuns  produced  by  the  truss,  floor,  Ac,  upon  the  opposite  diag'e oof  the  asIM 
Since,  therefore,  the  deranging  effuoC  Hf  the  loatt  la.greater  than  the  preTeotiif 
of  tliH  wt  of  the  truss,  tliero  must  l>c  a  counter  at  h  p,  able  to  bear  a  etraiaei 
least  to  the  diff  between  the  two,  or  to  19.1  —  7.2  =  11.9  tons. 

We  now  go  to  the  npxt  "panel,  h  i  n  o.  But  here  we  find  that  the  denmgiiif 
of  the  load  on  the  counter  t  o,  with  the  engine  .  t  u  «,  is  but  7.7  tpne;  whuefl 
ventive  effect  of  the  wt  of  the  truss,  exerted  through  the  opposite  diagAe, 
tons.  Hence,  the  moving  load  can  i)roducc  no  derangement  of  the  truss;  ei 
sequently  the  counter  t  o  may  l»e  omitted.  On  this  same  princii>le  each  pand 
side  of  the  truss  must  be  examined,  wlien  th««re  are  many  of  them ;  and  the  in 
or  omission  of  countorbraces  be  determined  upon.  When  we  thus  arrive  ati 
at  which  no  counter  is  reqd,  none  will  be  needed  between  it  and  the  neaieit 
the  bridge.  Similar  counters  will,  of  course,  be  nucdetl  on  the  other  sideof  fli 
In  practice  it  is  better  to  retain  the  first  api)arently  unnecusstiry  connte 
counting  from  the  center  of  the  truss.  Thus,  although  calculation  shows  f 
niinecessary,  it  is  well  to  retain  it.  The  lighter  a  bridge  is,  in  proportkN 
moving  load,  the  greater  will  be  the  number  of  panels  requiring  counters.* 

Tbe  strains  on  tbe  ebords  are  greatest  when  the  tnus  is  load 
end  to  end ;  and  nmy  be  fouud  by  Art  20.t  Thus,  the  entire  wt  of  the  bridge, 
uniform  load  of  21  tons  of  cars  per  panel,  being  198  tons,  we  have  for  the  i' 
the  center  of  either  chord, 

198  X  span,  198  X  120        23760       ^  ^ 

8  times  height  8    X  30  240  * 

of  truss 

both  at  «  of  the  upper  chord ;  and  along  the  stretch  o  9  of  the  lower  one.  A 
end  of  either  chord  it  will  be  equal  to 

the  dist  Ibf  ^    total  wt    v.   nat    _^  Rn  sx  1  ar \y  aaa _  kk  ♦,-.- 
infeet    X  per  ft  run  X  t^„g  =  60  X  1.65X  .866=  66  toM. 

For  intermediate  points  see  Art  20.  The  strains  on  the  chords  might  ia 
a  trifle  greater ;  because  we  have  calculated  them  for  a  full  load  of  corn  only ;  n 
a  very  heavy  engine  at  the  head  of  the  train  would  somewhat  increase  the  to 
but  on  the  other  hand,  loaded  cars  do  not  weigh  as  much  as  our  aasnmed  1  toi 

Finally,  each  of  all  the  strains  in  our  dcmble  tnus  must  be  div  by  2;  fur  j 
tioning  them  among  the  two  actual  trusses,  which  we  have  all  along  snppoi 
convenience)  to  be  combined  into  one. 

Rkm.  If  our  diagram  were  inverted,  together  with  its  load,  so  that  the  Inid 
then  be  on  its  top;  all  the  strains  in  every  part  would  remain  the  same  Id  u 
but  the  obli(|ues  would  become  ties ;  and  the  verticals,  posts.  Also,  if  the  load 
diagram  as  tt  stands,  instead  of  being  on  the  bottom  chord,  liad  Itcen  on  the  U 
the  strains  on  all  the  obliques,  and  on  the  chords,  would  have  remained  mebi 
and  be  foiind  in  precisely  the  same  way.  Also,  all  the  strains  produced  in  tb< 
by  the  brioge  itstdf  Would  be  the  same':-  so  that  then  working  diagram  wonlda 
for  either  case;  but  the  strains  which  the  moving  load  brings  upon  tbe  vn^i 
that  case  be  less  w^ith  a  t«)p  load.  And  in  all  cases  when,  as  in  our  diagnm 
Figs  23 »,  236,  the  load  w  r,  or  a  a,  at  the  center  panel  of  the  truss,  issosteii 
rectly  by  the  center  vert,  the  strain  on  that  member,  and  on  the  other  verti,is  K 
than  when,  as  in  Figs  2:}c,  23 rV,  the  center  load  a  a  is  sustained  directly  by  tk 
center  obliques  d  n,  df.  In  Fig  23  c,  this  center  load  rests  upon  the  topsdi 
obliques;  producing  compression  along  them ;  and  in  Fig  23 c<,  it  is  suspendsd 
their  feet  d;  pn)ducing  extension  or  pull. 

When  the  load  at  the  center  of  the  truss  (as  the  load  a  a.  Figs  23c,  and  fl 

sustained  directly  by  the  center  obliques  d  n,  df,  flrst  And,  and  write  upoatk 

gram,  precisely  as  in  our  foregoing  case,  all  the  strains  produced  by  the  bridgsi 

ai]  the  portions  of  load  that  go  to  the  abut  s,  Figs  23 r,  '2iid;  the  total  stminao 

maia  obliqnea  of  the  side  c  x  of  th(,'  trusd;  and  those  on  the  countrnof  tli« 

«/>/*';  in  short,  all  but  tlie  stniinB  on  t\\e  vetl*.    ¥'u\»\\^ ,\ot  \.V\v>  toUl  strain  0 

end  vett  X-  o,  (*  t,  s  <,  are  not  tmas-verl*,  \>ut  \\\vT\g,YvXA  \ot  viv'^QX^&Mi.^tewa 


tFor  reml^tiag  their'hor  strains  the  chords  mu»iY»e  ^K^I^^^^V^^^tJjSi!^^* 
r  *  paae/;  unless  thej  alao  bear  traasv«TB«  \oa4%;  Vn  -wYiVoYkOMW.^BftWWriwa*^^** 
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er  fhe  stMin  pvodnoed  <m  it  bj  the  tnus,  and  the  load  thatffoet  totheahut  <,  (not 
ain  on  the  oUiqoe,)  firoin  the  next  poiut  of  support  h  toward  the  center  of  the 
Vor  the  total  strain  on  the  next  vert  hg^  add  together  its  strain  fh>m  the  truss ; 
at  of  the  load  that  goes  to  » trom  the  next  point  e  toward  the  center.  And  so 
ha  total  strain  on  «/;  and  last,  for  that  on  the  center  vert  c  d,  add  together  its 
tcmin,  and  the  load  that  goes  to  s  from  the  poiut  I  on  the  opposite  side  of  the 

irtll  now  proceed  to  the  Warren  tmss. 

t  SO^.  Tbe  Warren  or  triimfriilitr  trass.  In  this  tmss  the  pro- 
»r  Bnaing  the  strains  from  moving  loads,  is  not  prwitdjf  the  snme  as  in  the 
ing  one.  The  following  Fig  2Ag,  i*epresentH  such  a  tmss ;  in  which  the  span, 
(Weight,  and  uumberof  panels  will  he  taken  to  be  the  same  as  in  the  foregoing 
/.  lioro  the  dotted,  web-members  whioh  supplant  the  ties  in  Fig  2>S/,  are  not 
>ut  inclined  to  the  same  extent  as  the  struts  or  braces.  Hence  the  hor  stretch 
i  oblique  will  be  but  half  the  length  of  a  panel,  or  10  ft ;  or  only  half  as  great  as  in 

:/.    Consequently,  the  length  of  each  oblique  will  be  1^10»  +  aO*  =  81.6  ft ; 

31.6 
.e  nat  sec  of  the  brace  angle  will  be  -^^=  IJOb;  and  the  nat  tang  of  the  same 

10  ^ 

will  be  -  =  .333.    All  the  otlier  data  being  the  same  as  in  the  foregoing  ex- 

,  first  find  by  Remark  at  end  of  Art  20,  the  mertly  appmxinutte  strains  on  all 
liqnes.  produced  by  the  weight  of  only  the  truss  itself  and  its  floor;  supposing 
o  be  on  the  lower  chord. 


le  will  be  as  follows : 

troz  HraiTU  on  Wiof  TonM, 

anddo,  eacA,  =   \^fMnd  of  truu  and finar  y,  nat  kc  =s   6  X  1*05  —   6.30 
and  e  n,  «icA,  =  ivj  po.nfU      "  **      X  na<  ««c  =  18  X  1.06  =  18.90 

and  \  m,  eocA,  =  2l4panels      "  "      Xnatgec  =  20X  1-06  =  31.60 

lose  on  the  other  half  of  the  truss  will  be  the  same. 

««  strains  must  l)e  corrected  by  Art  19:  subtracting  from  that  at  the  center  of 
OSS ;  and  then  alternately  adding  to,  and  subtracting  from,  each  successive  one, 
tount  equal  to  the  weight  of 

^^"olif/  X  nat  sec  =  3  X  1^)5  =  3.16  tons. 


■■i  tiie  strains  become,  on 

p  d 


Tons. 

6.30  —  3.15=  3.15 
d  o^  6.30  +  3.16  =  9.46 
o  <  =  18.90  —  3.16  »  15.76 
e  n  =  18.90  +  3.16  »  22.05 
n  t  =>  31.50  —  8.16  «  28.86 
t  m  »  31.50  +  3.15  »  34.65 

boae  of  the  other  half  of  the  truss  will  be  the  same.    All  of  which  writi*  on 
■•gram,  near  the  fttt  of  the  obliques.    Having  now  the  convct  strains  arising 


^•todcnt  nnder^Uadff  tbe  priactplea  laid  down  in  tbe  pree«d\nK  Xr\*otiTTu»»e»,\ie"«Vv\"^*!^ 
WO;  wbuterer  la  teetar  the  oaoiie  of  this.  \r«  cannot  »!IotA  vyvse  \n  «xv\%\xv  »xv«Xv*V«ftV 
■  Al/ jwwv  tbannnoe.  In  Flgn  23  e.  23  d.  the  obllqnea  trantfer  l\ie  \oiA.»w«\tv*  vn  \.Vv»  n«v 
^^^^nS^m^'MJJ,°K^"lfr^*^J  dlaaram.  tbe  veru  teaumtw  t.\ieta  u»  v\i*  oXAN^m^  % 
C^b^Sjr^        ^^  '•^*  *"  "»*  "«••    ''fhe««  matww  mu»\\M  uoV»«wM  ^ 
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from  the  Weight  of  the  trust  and  floor;  next  find,  preelaely  ••  in  the  prec 
ample,  huw  much  of  tlio  moviiiic  luiul  Will  go  to  x  wiieu  tiiti  engliie  !•  at  r, 
fig,  with  the  train  r««chiiig  cum;  Hud  aiivrwHrd  with  tu«  eu^iie  al  v.  p. 
iu  auccfsaioa.  Tiieno  lu.idd  Will  of  counra  be  the  nne  a«  iu  tbe  former 
namely : 

Bngiru  at  n.        Engine  at  o,        Engine  aJt  p.        Engine  at  q.         Bn^ 

6.44  go  to  X.        ld.U4  go  to  x.        28.94  go  to  X.       46.44  go  tax.        66.44 1 

Multiplyia}(  each  of  tliete  by  tlin  nat  eeo  liUa,  we  get  the  coinpnM<d8 
which  tliuy  proiiuce  on  Uie  eud  obiique  strut  a  x ;  aud  on  the  other  obL 
ore  parallel  to  it ;  iiamoiy : 

On  e  o.         On  d  p.  On  c  q.  On  b  r.  On  a  x. 

6.7tf  16.7  «t  »O.Utf  47.71  68.71 

which  write  near  the  <op«  of  said  obliques,  as  done  in  our  fig.  Hut 
produce  preci.it^iy  the  same  amount  of  strains,  in  tlie  shape  of  tensions  oi 
the  respective  doited  ties  uhich carry  them  tij  the  struts  between  te  and  p;i 
struts  which  carry  thorn  to  the  d«ittU4l  ties  between  "*  aud  p.  Write  th(*i 
the  heads  of  said  obii<iues  also,  as  ii  done  in  our  fig;  except  that  we  have  I 
but  one  decimHi,  to  avoid  crowding. 

Now,  if  oil  tliu  haif  truns  x  p,  we  add  together  the  strains  written  at  the 
foot  of  each  oblique  separately,  thj  mims  will  be  the  total  or  max  strain 
sive  on  tlit^  struts,  aud  tensile  on  the  ties.)  which  said  obliquee  will  besuljjc 
the  p.i8sagu  of  the  tr.i^n:  approximate  enough  for  practice:  but  a  little  iu 
some  vf  them,  and  thMittfore  safe.'  These  mix  strains  are  written  at  the 
each  obliiiuo  between  x  and  ft.  They  will  of  course  be  the  saino  ou  the « 
of  the  truss,  when  the  train  cnnses  in  the  opposite  direction. 

Finally,  as  to  couuierbraciny,  ^whicli,  iu  a  Warren  truss,  consists 
finding  whiclt  ol»Ii<iues  may  have  to  act  as  both  ties  and  struts,)  we  gu  to 
half,  m  /),  of  the  tru-is.  Beginning  with  the  oblique  d  p,  we  see  that  vritii  t 
at  o,  and  tiie  train  rv;aching  to  /a,  the  deranging  compi-essive  straiu,  IU.<3 1< 
moving  load,  is  greater  than  the  preservative  tensile  strain,  3.1a  toua,  of 
and  floor,  acting  on  it  at  the  same  time.  Thereforn,  d  p,  although  a  tie,  tli 
c  p,  is  liable  at  t  la^i  to  be  compres^ieil  rather  than  pulled.  Therefore,  it  o 
arranged  as  ^>  act  also  as  a  strut;  at  least  so  fiur  as  to  bear  ft  pree  eqiiiil  t 
between  t'l''  16.73  tons  of  pres  from  the  loitd,  and  the  3.1-t  tons  of  tension 
wt  of  the  *  uss  and  fl  >or;  or  to  I3.i»8  tons.    See  Rem  1,  Art  81«  p  SM. 

On  the  ext  obliqne  o  of,  which  is  a  strut,  the  same  as  c<7,  the  tfioring  lo 
produce^'  a  pull  of  lG.r3;  while  the  trnns  and  floor  produce  on  it  a  pres  of 
at  the  ^me  time.  Therefore,  altiiough  it  is  a  strut,  it  is  liable  at  tiHU-v  to 
rather  than  cimiprcssed ;  and  consequently  it  must  be  made  able  to  bear  a 
equal  at  least  tt*  i6  7;^  —  9.45  =>  '.'i^  tons.  On  the  tie  «  o.  the  deranging  cm 
load  strain  ti.Tti,  U  less  than  the  preservative  tensile  strain  lAuT5  of  liie  '< 
floor  acting  upon  it  at  the  same  time.  Therefore,  it  may  remain  aa  a  tie  oi 
other  wonhi.  it  re<|uires  no  counterbracing.  When  this  is  the  caaa,  no  othe 
between  it  ami  the  n«*arc.st  abutniKiit  m  needs  counterbracing.  It  is  alnosl 
to  remark,  that  the  half  x  p  of  the  truss  requires  the  same  aa  the  half  mf, 
fngine  crosses  in  the  opposite  direction. 

The  strains  on  the  chords  are  found  as  in  the  1a«it  example. 

Kbm.^  In  a -Wan-en  truss,  the  strains  on  all  its  memliers  are  the  same  fl 
whether  the  load  be  on  the  top,  or  on  the  bottom  chord ;  but  those  ol>liqu 
are  ties  in  one  case,  become  stmts  in  the  other. 

Rem.  When  the  length  x  7,  a  c,  70,  Ac,  Fig  23  /*,  of  th«  panelfl  of  a  Wan 
becomes  so  great  that  the  stretches  x  7,  a  c,  Ac,  of  chords,  need  support,  t 
ar,  67,  Ac,  are  introduced  for  that  purpose;  dividing  the  truss  into  hal 
Thus,  the  vert  strut  b  7  prevents  the  long  stretch  a  c  of  the  upper  unload  4  cli 

•  This  ariMS  from  our  here  neglecting  what  in  the  foregoing  example,  of  Art  KIM>  **' 
remaining  %,  |,  Ao.  of  the  BngiM,"  which  gn  to  the  abat  m.  Thni,  when  theaagiMl 
the  train  reaching  to  m,  ^i  of  the  enrc  alone  gnes  to  m.  It  llrKt  pas«ea  ap  flrom  r  te  k:  aw 
oblique  r  6  in  a  ttrut.  an.l  nince  the  ^  eng  acts  on  It  at  a  putt,  it  roiiowi  th-U  r  ft  !■  Uwnl 
from  pres  to  the  amount  of  \i  eng.  From  6  this  >4  eng  passes  down  &  9  as  a  pre»;  halflf 
He,  it  thn«  becomes  relieved  of  that  much  pull.  Krom  q.  this  %  nasaes  ap  the  strei  f 
thus  relieving  it  from  that  mnoh  pres :  and  so  on  alternately.  antlT  the  %  eng  rsaelwsak  I 
wajr,  wbea  tbm  tog  is  at  9  ^  of  it  alone  pass  np  q  e,  down  e  p.  and  so  on  to  ir,  relleTlMCS 

MM  before;  bat  to  twloi*  the  extent.  Arr\v\nf(  at  q.  ^ot  \n  an^  ««»«.  «X\Im  v<uiel  next  kpAxt 

•00  p.)  mad  making  the  allowance  for  the  rcmaXncVcr  ot  tYiv.  enq^<DA,lRtl  t«n\  ^wkfmhi 

•aiae  rcnult  will  tnke  place  on  the  other  ha\t  nT  lh«  trnm  wYivn  v>v«  VniA  «nMM»VkVa< 

^inetlon.     In  |>raotioe  we  nhnuld  reoommenA  t,\\«  om\«*\on  c<t  mavW  oMMMmidyiiwk^ltet 

^«rm,  it  ooaduoes  to  aaAttj  to  do  10.     TUU  uoW»  \»  aAdwimtwVj  >a  vtenv  "'  '"" 
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.  If  the  loftd  were  on  the  upper  chord.  Tert  tieii  miiy  in  the  same  vrttj  become 
7  nierulr  to  prevent  tbu  nuloaded  lower  chord  fi^m  Kigging.  But  in  either 
"ts  for  thiu  Buuporcing  tlie  uniimd^d,  chord  may  often  i>e  omitted  even  when 
r  Mpportiug  the  loaded  one  may  be  uecedeary.    Thna,  in  fig  'J&h,  the  wrU- 


Fig23li 


1  r,  e  p,  Ac,  may  be  abaolntely  required,  even  when  the  stretches  a  c,e  e^  Ac. 
inloHded  chord,  are  not  long  enuiigli  to  demand  tlie  vert  i^tnitrt  or  poets  b  q, 

8iKh  verte  (whether  stnitu  or  l\w)  as  aiwist  the  unloaded  chord,  (whether 
rr  or  l<iwer  one,)  a«  for  inutance  6  9,  support  nothing  more  than  the  wt  of  a 
sich  $  «,  of  chord  alone. 

•ch  vert,  whetlier  tie  or  post,  which,  like  a  r,  assists  a  loaded  cliord,  shonld 
loe  be  considered  to  sustain  at  limst  the  wt  of  tlie  pnrt  y  y  (h  hnlf  panel)  of 
id  floor,  in  addition  to  the  greatest  moving  luatl  that  'Can  come  upon  that 
s  a  tniin   passes,  each  ttucli  vert  in  succession  has  to  sustain  these  united 

In  other  words,  tliey  are  all  strained  alil^e,  as  are  the  other  verts;  bnt  the 
are  at  ruined  to  difT  extents. 

g  first  prepared  a  skeleton  diagram  to  a  scale,  calculate,  correct,  and  write 
near  the  feet  of  the  obliques,  the  irum  draitut  on  said  obliques.  Tlicse  may 
1  precisely  as  in  the  preceding  case ;  for  the  verts  produce  no  eifect  upon 
Lcept  to  incnsase  thoHu  on  the  extreme  end  ones  a  x,  and  h  m,  each  to  the  ex- 
the  wt  of  %  part  of  a  panel  of  trutis  and  floor,  mult  by  nat  sec.  Each  vert 
pa  nnstain  the  loaded  chord,  mnst  have  writtMi  near  its  foot,  a  strain  equal  to 
ft  y^  pan  length  of  chord  and  floor.  And  each  of  the  other  verts,  the  wt  of 
length  of  unioiidud  chord  alone. 

for  the  moving  load,  and  its  resulting  strains,  divide  it  into  half  panel  lengths, 
t  r,  Ac ;  and  then,  as  in  the  foregoing  case,  find  the  loads  that  go  to  x  from 
ts  r,  q,  p,  o,  n,  Ac.  Thus,  (the  truss,  considered  as  a  lever,  being  divided  into 
,  parts,)  fh)m  r  there  would ' go  to  a;,  \^  of  the  engine ;  \-^ofyt;i^^attv; 
s,  Ac,  Ac,  and  ^  of  <  m.    From  q  there  would  go  to  z,  |.o.  eng;  ^^  tv;  JL 

Then,  for  the  strains  produced  on  the  obliques  by  these  nuwing  loads,  and 
ritten  near  their  tops,  proceed  thus:  Mult  the  load  at  r  l\-  nat  sec  of  biace 
:he  prod  will  be  the  load  strain  on  the  oblique  strut  a  a;;  and  it  will  bea  pres. 
nit  the  Iliad  at  7  by  nat  sec,  for  the  load  strain  (a  pull)  on  the  oliliqne  tie  a  7. 
d  at  p,  mult  by  nat  sec,  will  be  the  load  strain  (a  pres)  on  r  a.  And  so  on  to 
«r  load  at  w.  From  10  to  m,  the  loads  which  go  to  x,  will,  as  in  the  preceding 
Mluce  yuils  upon  the  oblique  $iruts :  and  nreutires  upon  the oliliquv  ties;  and 
measures  and  pulls  on  that  half  of  the  truss,  must  be  UMid,  as  in  said  case,  for 
which  obliques  must  act  as  both  ties  and  struts;  or  in  other  wordM,  as  coun- 
».  For  the  load  strains  on  the  verticals  which  assist  the  loaded  chord,  write 
«  top  of  each,  the  greatest  moving  load,  as  y  ]if,  that  can  come  npon  a  half 
This  added  to  the  truss  strain  of  ^  panel  of  chord  and  floor.  8ln>iidy  written 
I  foot,  will  be  the  total  strain  on  each  such  vert.  The  verts  which  assiiit  the 
id  chord  may  be  practically  considered  as  unaffected  by  the  moving  loail :  and 
re  each  of  them  is  strained  only  to  the  amount  of  the  wt  of  a  halt  panel  uf 
)nL 

(rmiM  om  M«  chord*  are  found  precisely  as  In  the  foregoing  case. 
1.  Respecting  the  dotted  verts  ar,cpyf.n,  Ac,  which  ansiHt  the  Ioa<led  chord, 
U  flrst  sight  appear  that  each  would  be  strained  by  all  the  moving  load  which 
osed  to  be  concentrated  at  its  foot,  and  to  pass  fn>m  there  to  the  abut  7; 
•  w«  have  stated  that  the  greatest  moving  load  strain  on  each  of  them  in  turn, 
laximum  moving  load  y  y  that  can  come  upon  the  width  of  half  apanel.  Thus, 
ance,  at  the  foot  of  the  vert  a  r  we  have  assumed  to  be  concentrated,  \^ 
f  y  f,  j^j  <  r,  Ac;  whereas  we  also  say  that  it  is  strained  or  ^uU«d  Vs^  ^"^  <m^-<«  ^ 
M  correct.    The  nason  of  thin  ie  that  at  the  feet  of  t\\eftQ  renrtimU^Xu*  ^ictvwX 
t  of  the  morinfcloed  are  (for  convonience  of  ca\cu\a\\ou^  otvX-j  auwuM  V>^s» 
■AMf  as  tbeyf^  to  the  abaC  x.    For  since  thews  vo^^»w»^"»"'«*'^'^*=*^*^^ 
9IJ,  tbejcmanot  reach  Che  ftet  of  theae  vaU ;  mud  no\\iVxi«  caxk  ww^^VwkwN 
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that  portion  of  the  load  which  acluaUy  comes  to  them.  But  it  will  n 
that  8o  tar  as  renEarda  the  calculations  for  the  stiulus  un  the  oMtfUM,  tl: 
in  jo-ttitiable.    Take,  for  iniitance,  a  r.    Ifere  we  <usume  to  be  concenti 

'  way  to  x^  along  the  oblique  a  0,  -j^^  eng,  ^-f-  y  ^  -^  <  v,  Ac ;  and  we 
that  all  these  added  together,  and  mult  by  uat  sec,  give  the  strain  00 
all  these  portions  of  the  moving  load,  the  |-^  eng,  or  y  y,  is  all  that  ge 
of  a  a;  by  ascending  the  tie  a  r;  the  other  portions  really  accumulatie  1 
there  go  to  the  heaud  of  a  x  by  way  of  the  oblique  q  a.    Therefore,  all  4 

a ;  and  from  that  point  go  down  ax  to  the  abut.  All  the  -J-^  of  y  y  res 
but  after  reaching  a,  -^  (by  the  principle  (tf  the  lever)  goes  to  tli 
m,  along  aq^qc,  co,  Ac.    Ilie  same  reasoning  applies  to  each  other  ye 
the  loaded  chord.    With  the  roadway  on  the  upper  chord,  the  same 
vert  pouts  which  then  assist  that  chord. 

Rem.  2.  If  the  moving  load  were  uniform  in  practice;  that  is,  if  ever} 
of  it  w«re  of  the  same  wt,  we  might  readily  calculate  ^he  strains  on  a 
Fig  33,  as  if  it  were  a  simple  Warren,  (Fig  '£i'g.)  Thus,  in  f  ig:.3S  we  m 
the  shaded  lattices  c  v,  u  y,  «  A,  Ac,  as  the  obliques  of  a  Wnrren ;  and 
strains  for  such.  These  strains  might  then  be  divided  by  the  Bnml 
which  take  the  place  of  a  Warren  oblique ;  and  the  quot  would  be  asul 
approximation  to  the  strain  on  each  lattice.  Thus,  the  strain  on  the  W 
u  y  would  be  divided  among  the  five  lattices  p  t,  10 1«,  ti  y,  <  x,  Z  e,  paralh 
extending  from  center  to  center  of  the  panels  adjacent  to  u  y ;  and  so  « 
oblique  in  either  direction.  And  this  method  may  l)e  used  when  the  n 
actually  uniform ;  or  for  a  permanent  uniform  load  from  md  to  end.  ] 
erally  the  greater  strain  produced  at  every  point  along  a  bridge  by  tl 
trated  on  the  driving-wheels  of  engines,  appetirs  to  be  lost  sight  of;  an 
is  stated  to  be  sufficiently  correct  under  any  circumstances.  But  in  raJ 
it  must  make  the  strains  on  the  lattices  too  small ;  that  is,  each  of  the 

lattices  will  be  strained  in  turn  by  the  passing  load,  to  a  greater  extc 
the  strain  on  the  Warren  oblique  u  y. 
In  tlie  Fink  U*umi,  Fis«  26, 27,  the  eflfeets  of  a  moi 

may  be  calculated  as  for  a  full  uniform  max  load  from  end  to  end.  T! 
at  first,  as  in  the  preceding  cases,  that  everything  is  borne  by  one  trus 
when  the  load  is  upon  the  top  chord  of  the  truss,  each  vert  post  may  i 
regarded  as  upholding  one-half  of  that  portion  of  the  entire  wt  of  bi 
tributed  load  which  is  between  the  two  extreme  ends  of  the  two  ob 
uphold  said  post.  Thus,  in  Fig  26,  the  half-way  post  d  c,  bears  haJf  o 
a  and  6.  The  post  m  p,  half  of  all  between  a  and  d ;  the  post  h  o,  half  c 
m  ahd  d.*  This  is  equivalent  to  saying  that  the  half-way  poet  bears  h( 
wt  of  the  bridge  and  load :  each  quarter-way  post,  one-quarter ;  eac 
post,  one-eighth,  Ac,  Ac,  of  this  same  entire  wt  of  bridge  and  load;  and 
tute  theoretically  the  strains  on  the  several  posts.  Bnt  after  having  gc 
is  necessary  to  examine  whether  some  of  the  smaller  ones  may  not  h 
creased,  for  the  following  plain  reason :  Suppose  we  have  assumed  our  u 
a  string  of  heavy  engines,  weighing  1  ton  per  foot  run ;  or,  including  ' 
bridge  itself,  say  1.4  ton  per  ft ;  and  snpposo  our  posts  to  be  as  close 
tt ;  then  the  least  loaded  posts  would  each  bear  5  X  1-4  »  7  tons.   But  ^ 

ftom  16  to  ! 

Kbe  conceotra 
^^        length  of  6 
^^y^  driveirs  of  an 

^^  half  of  it  wil 

^/^  supported  by 

Tl.    07li"^^N^         ^-''*'  >/^  succession  as  I 

iq^JJL     \^ A...->^  Whenwethui 

strained  by  at 
by  our  assume 
run  of  the  wl 

most  Increase  the  load  first  found,  correspendingly.    In  the  Fink,  1 
trusses,  the  verts  are  always  stmts  or  posts.  Having  fixed  upon  the  1 
po§t,  aap  o.  Fig  23  A,  then  for  the  strain  which  said  load  will  produce 
the  obliqueBf  or  ties,  p  c,  p  /i,  upholding  Haid  post,  take  any  distp  d  01 

*  /n  Pig  ts,  the  lo«d  !■  really  on  Uie  hottom  oViorA.  "ft^  \xi  x.\v\«  mlw  ^m,  iOm 
^•rrted  to  the  top*  of  ihe  poiiU  by  the  obUque«  i  exoepx.  »x.  tti«  tow  v«»^^  ^  *'  i5*  * 
»M/<|iM«  mt  efieir  IimmIii.  With  a  bottom  \oaA,  tkeae  iftM  ^^  vt»bN.V«»  Yi»  qauiI^ 
M/j;  one  liair- panel  wt  of  (rust  atone ;  but  their  otUfUM  »>uiiU^  >^*  «MBa>s^« 
a  the  top  ebonL 
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lihe  load  by  icAle;  and  draw  dto^dftf  parallel  to  tho  Hob;  tlien  p  w,  p  n, 
t»y  the  aaiQe  scale,  will  respectively  give  the  atraius  on  each ;  whether  tliey 
Inclined  ai  usual,  or  not.  The  two  hor  linos  n  a,  10  a,  by  the  same  scale, 
wo  hor  forces  which  the  load  at  the  top  o  of  the  post,  acting  through  the 
ces  upon  the  cliord  at  c  and  h ;  which  two  equal  and  opposing /orc^x  pn>- 
:  the  inteniitdiate  stretch  c  A  of  cliord,  a  strain  equal  to  one  of  them.  In 
Is,  either  n  a,  or  w  a,  giveff  the  hor  'strain  produced  along  c  A,  by  the  load 
See  *'  Strain,"  Art  2,  of  Force  in  Rigid  Bodies,  p  444. 

I  on  tbe  «k*r<l.  This,  from  a  uniformly  distributed  load,  is  the  same 
it  the  entire  length  of  a  l<ink  chord.*  To  find  it,  observe  which  oblique«, 
,  o  «,  Fig  23 1,)  of  one-half  of  the  trius,  UerminaU.at  taw.  end,  ^,  of  the  chord, 
ng  previously  Jbuncf  the  loads  on  the  posts,  e  o,  u  ^,  £  m,  which  pertain  to 
^ues,  ascertain  hy  the  pro> 
%  1£i  /i,  thf  hor  force  n  a, 
gs,)  which  each  of  those 
iices  on  one  obliaue.  Add 
hese  forces  n  aLjthere 
three  of  them  inj^g  23t, 
by  the  dark  lines ;)  their 
e  the  strain  along  the  en- 
The  obliques  mu^ur^ 
not  tenninalo  at  e;  and 
fore,  omitted  in  finding 

strain.    The  process  is  the  sane  whether  the  verts  are  all  of  the  same 
lot. 

lor  chord-strain  produced  by  each  of  the  loada  on  the  posts  c  o,  11  ^,  <  m, 
culated  thus,  anuadded  together. 


©m:^ 

^  B$231 

i 

^ 

in            1 

*^ 

^ 

^ 

^?^. 

. 

SnriamkU 
strain 


entirf  load  y,  hnr  ditt  from  pod 

,    on  poH     ^    to  end  0  nf  chord 


twice  the  length  of  the  pott. 

i  Bollnum  tnilW,  Figs  22,  24,  25,  for  a  moving  load,  having  first  pre- 
workiug  diagram,  determine  the  max  weight  that  can  come  upon  a  post. 
M)  the  snme  for  each  post.  If  the  moving  load  is  on  top  of  the  truss,  this 
ich  post  will  consist  of  the  greatest  wt  of  engine  that  can  stand  upon  one 
th  of  truss ;  together  with  (approximately  enough  for  practice)  the  wt  of 
length  of  trust,  floor,  Ac«  if  the  posts  uphold  tho  oblique  ties;  (see  Boll- 
,  in  Art  19;)  or  one  panel-length  of  floor;  and  the  lialf  of  a  panel-length 
the  posts  do  not  uphold  the  ties.  If  the  load  is  at  the  bottom  of  the  truss, 
l)ear  no  jiart  of  either  the  moving  load,  or  of  the  floor ;  but  each  of  them 
'nined  to  the  amount  of  tlio  wt  of  say  one  panel  of  truss,  if  the  poets  up- 
kIs;  or  of  lutlf  a  panel  of  truss,  if  they  do  not. 
Is  on  the  popts  may  then  be  written  upon  the  diagram. 

l»llq9CS  er  tien^  however,  when  the  load  is  at  the  bottom,  bear  fas  in  the 
same  amount  of  Ktrain  from  tlie  moving  load  and  floor,  as  when  it  is  on  top. 

when  it  is  at  the  bottom,  each  ))air  of  ties  sustains  not  only  tho  load  rest- 
I  post  which  they  uphold;  but  the  wt  of  one  panel  length  of  flot)r,  and  the 
-weight  of  engine.  In  other  words,  whether  th«  toad  Ite  an  ^^,  or  at  bottom^ 
ds  at  the  foot  (if  each  post,  siwtam  a  wt  equal  to  a  full  panel-leuKth  of  truss 

together  with  the  max  pancl-wt  of  engine.  Having  added  these  wts  to- 
'  off  their  sum  by  scale  at  each  post,  as  shown  at  /  r.  k  r,j  r,  i  r.  Fig  22 ;  com- 
u,  kg  V  Uf  &ci  and  measure  tho  strains  lu,l  g,ku,kg,  Ac,  along  the  ties. 

traliiA  OH  any  pair  of  ties,  may  also  be  calculated  thus;  haTiog 
ley  sustain. 


J^crin  on 
short  tie 


load  V  *^  ^"^  /row  post  to 
^  farthtft  end  of  chord 


total  length  of  truss 


Strain  on 
long  tie   = 


load  X 


Jior  df'st  from  post  to 
nearfxt  end  of  chord 


length  of 
^  short  tie 

depth  of 
truss. 

length  of 
long  tie 


Uital  length  of  truss 


^  depth  of 
truss. 

or  9ir»in  on  the  chord  will  be  uniform  t\vTou{^Vko\\\.^«a\Tv^«^Vc^<> 

enmpretnted  chord  of  nnr  form  of  triiiw.  to  Ttw\*X  the  hot  »lT»\T\,TeiM^  XVi*<S««it^'»» 
mgtb  Is  tquMl  to  the  dUt  bee  ween  two  adjaoeni  poinU  of  tuyv^^tV, 
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truss ;  and  will  dep«nd  upon  the  max  unifurm  IcMtd  that  can  coyer  the  wba 
aud  nor,  as  in  the  case  of  the  ties,  apuu  the  greatest  load  which  each  pair  c 
have  to  sustain  in  KuccMgion ;  unless  we  assume  our  max  uniform  1<nuI  tol 
of  engines  which  may  bring  a  max  paucl-wt  of  engine  upon  everj/  pair 
one*!.  In  that  case  we  have  only  to  measure  upon  one-half  of  our  w(miD| 
the  several  hor  lines  corresponding  to  uo,  &c,  in  Fig  2*4;  aud  their  sum  i 
reqd  hor  strain  on  the  choixl.  But  if  we  take  our  max  uniform  load  on 
tniiw,  to  be  a  string-  of  cars^  we  must  diminish  the  chord-strain  thus  fqni 
manner:  Add  together  a  full  panel-weiglit  of  truss,  floor,  and  cars;  theOf . 
|ianel-wt  i>f  truss,  floor,  and  tngint^  (which  we  before  aasumed  luf  ChA  strti 
of  each  {lair  of  ties,)  is  to  the  panel- wt  of  truss,  floor,  and  car*,  JuBt  fooBil 
hor  chord-strain  before  found,  to  the  one  reqd. 

We  will  repeat,  that  chords  must  bo  strong  enough  to  bear  not  only  th 
or  push  to  which  they  are  exposed ;  hut  also  to  sustain  safely,  at  6eajM^ 
verse  strtuns  fttmi  the  floor,  aud  from  the  moving  load,  when  these  reet  ■ 
See  foot-note  p  191.* 

Art.  81.  ir  a  lonir  beam  a  h,  FiffA  25  and  87,  re^alrt 
atrenirtheiie4l«  this  may  be  done  by  the  addition  of  a  vert  poet  dexwA 
clined  tie  rods  ca^cb.    And  if  after  this,  the  two  halves  </  a,  <i  6  of  the 
are  found  to  be  too  weak,  additional  intermediate  posts  o,o,maybe  introdi 
Ather  ties  i,  J,  to  sustain  them. 

In  Figs  25  and  27,  th 

is  at  the  cliord  ah\  i 

lower  chord  being  ne 

may  be  omitted.    Th 

ties  act  as  subetitutes  f 

if  tlie  bridge  is  so  near 

ae  not  to  allow  the  pes 

to  be  placed  bmeath  th 

a  6,  we  may  raise  the  ei 

upon  two  posts  or  piei 

*^,  26;  and  pla^  th« 

.  ,       ,         ^  »*  n,  at  the  lower  ends  o 

and  ties :  instead  of  letting  it  rest  on  top  of  the  chord,  as  in  Figs  25  and  27 

24  and  26,  the  truss  and  its  load  do  not  then  rest  directly  upon  the  nbut 

upon  the  tops  of 
J  1,  '•«;  andtheonl] 

"•  "  does  reet  direct 

abuts,  is  mte^hal 

small  portion  of 

way  comprised  at 

l)otween  «>  and  n ; 

wordfi,  only  one  1; 

of  the  roadway  i 

paneiR ;  Che  other 

RustAiiied  by  tli< 

ties  which  meet  f 

When  the  tie-rod 

fh)m  the  f»*et  of  the  p 

ends  of  the  chords, 

24  and  25,  we  have  t 

man  trnsa.  Anr 

in  Figs  26  and  27,  < 

which  miatain  the  a 

d  c,  btith  pasii  to  th 

the   chord,  while  t 

are  dLsposed  as  in  sa! 


BOLLMAN 


Fio.^6. 


Fink  tnuM  is  the  result. 


FINK 


•fT  ^* '*»P«»««  bemrins  their  oompT«»iilnB  tUalM  ou\y ,  «^«>t^  •»».  WklT»»s«* 
nimrm  hmriug  the  length  of  one  panel. 


-  uiT  ™nnl«».  0,  f.  In  nodnrmtf  »iu"n  «"  mraHj  curt  In  a  (MMiBM, 

nimenaliiBB  tor  mMb  sf  (wo  trusHpa  itf  a  !!««•  bl 
■lnKl<hlr*ak  ntllwit)'*  I'll"*'''  Dot  >»  IwilrslDnt  uinn  Uiui 
inch;  Boritnii  Rinrellian  b  lun*  ubt  iq  Inili.  Itdd  aHppg«d  Cub*  of  a 
■iiiHmy.ni^iiiriDBfiou.  iili.  i;igiw  leMoelb.)  ypr  n^ind.  tobra* 
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Im  totAmuj  Is  below,  m  in  Yig  31,  the  end»,  rh^fr,  of  the  upper  chord ;  the 
bb1»|»  and  u ;  and  the  two  tenBion  obliqnei  in  t«cli  end  pauel,  may  bv  omit- 
two  diagonal  $trmtt  from  b  and  y  must  then  be  substituted,  extending  to 
BMita,  for  upholding  the  upper  chord.  Ac.  In  the  Pratt  tntsg,  the  chordB 
f  the  flame  dimensions  as  in  the  foregoing  table  fur  Howe's.  The  posts  mtiy 

at  -^th  less  area  than  the  main  braces  of  the  Howe.  The  main  teace  rodH, 
n,  (of  the  same  number  as  the  main  brace  pieces  of  tlie  Howe,)  may  Luve 
iring  diams  in  ins ;  allowing  the  safe  strain  to  be  five  tons  per  §q,  inch. 

For  each  Tnus  of  a  Pratt  Bridgre. 


so  Ft. 


TJPt. 


Spans. 
100  Ft.      I     123  Ft. 


150  Ft 


175  Ft. 


JOOFt. 


Snd  Kain»braoe  Bods. 

Int. 

IM. 

Ins.               Ina.    1           Ini. 

Idb. 

Tni. 

9of  IX 

s«rs)< 

aof  2« 

5of  2X 

3of  2« 

3of  2H 

iatayi 

Int. 

Center  MaL 
Int.               In<. 

a-braoe  Bi 

ods. 

Ina. 

Idb.  . 

Ids. 

Jfl^ff 

Jofl^j      aofli^^ 

2  of  1« 

3ofl/j 

8ofl« 

Sof  1« 

Counter  Bods  at  Center. 


Int. 
lof  IH 


Int. 
I  of  IX 


Ids. 
lof2 


luik 
lofiH 


IBB. 

2of  IH 


Ids, 
2of  l}} 


Ids. 
2ofli^, 


Wn  truss  the  directions  of  the  main  braces  and  counters  are  rrspectiY<>lj 

«e  of  tlie  Howe.    Many  of  the  remarks  in  tlie  preceding  Art,  apply  eqiiully 

Neither  the  Howe  nor  ttie  Pratt  iKMsetwes  any  spec iura<I vantage  over  tlie 


_  I  of  a4)astment,  Ac.    In  buth  trusses,  arches  are  frequently  addiHl 

m  XBilruad  bridgee  when  the  span  exceeds  alwut  150  ft.* 

S4.  Town's  lattice  traiM,  Fig  33,  as  originally  introduced,  and  rery 
sly  employed,  was  of  extremely  simple  construction ;  being  composed  en- 
planks  from  2  to  3  ins 

3dfnom9tur2wide;de-  i   t     it  V    I 

OB  the  span.    Two  sets      ..        vryv>  i  mm        "p^twt'^vt     ^a  nri. 
I   were  placed  crossing     ^,1  KVAS/V\S#%/AVAVA^AV<^i7  g 

ler  at  ai^laB  of  about      "--^ 'Jl-i 

d  were  connected  to- 
t  fkeit  intersections  by 
or  4  treenails  of  locust. 
■  liard  wood,  aliout  1% 
I.  At  the  top  and  bot- 
nllar  planks,  a  a^  e  e, 
«Bailea  hor,  to  form  the 
or  in  large  spans,  (many 
I IM  ft,)  there  were  two 
nd  two  lower  chords,  (someUmes  of  timber  0  Ins  thick,)  as  shown  in  the  flg, 
9  0.  Ilie  transverse  section  A  shows  the  two  upper  chords  on  a  larger  scitle : 
ord  consisting  of  two  planks;  one  on  each  side  of  the  lattices.  Two  trusties 
ilnd,  with  a  depth  equal  to  ^  or  ^  of  any  clear  span  not  exceeding  about  175 
ksof  3  X  12  white  pine ;  the  open  sijuares^^ft  on  a  side,  in  the  clear,  were  cvii- 
snflcient  for  a  commun-road  bridge  2U  ft  wide.  Many  of  these  bridges  warped 
1  very  badly ;  and  when  applied  to  railroad  purposes,  fitiled  entirely.  In 
see  tlie  better  mode  of  three  lattices  was  employed ;  two  of  them  running  in 
action ;  and  the  third  in  the  other  direction,  iNissing  l>etween  them.  A  fuiida- 
defert  was  that  the  parts  were  of  equal  sise  throughout  the  span :  whereas  the 
should  be  stoutest  at  the  center;  and  the  lattices,  near  the  end«.  T\\««Kt «L<i- 
the  lattice  to  JhU  into  unmerited  neglect,  in  the  XIuVle^%X«AA»-.  \N\\<e\wA 


Rs33 


.  -^  Jj^fi!^^  (fimitH,  Lm^nbe.  le)  hare  built  a  wooAeu  Hem*  ol  \^«»  Vr(wi»*%,  <A  ^ 
>  Alrfc.  4t  wfdt.  ih)m  eea§er  to  e«oi«r  oT  eborda.  wUhoui  saj  mv^Yi.  UYkma  a  ^to^^vVc 
4  Mtf ii  jWMMrtiaaflif  ikxr  a  Awrlof  Joad  of  but  UNO  Iba  par  fi  vaa. 
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in  Baiope  it  it,  when  properly  proportioned,  hifrhly  esteemed ;  mp&dUtji 

bridge*;  eoiue  uf  whioli,  on  tkiitf  prliwiiriK'Mr 
couMtructttd  of  more  tkiaii  IM)  ft  e|NUi.  Aakhi 
wiuf  lateral  weakueas ;  or  •  toudouo/  to  mtp^ 
ovring  to  the  tliiuneM  of  the  tmwee.  Thle  li  • 
in  tlM  large  bridges  refemd  to,  by  pladngi 
truss,  Vig  &it,  (inetvad  of  a  single  <m«y)  ^  <<ck 
the  bridge.  The  trussett  T,  D,  compoimf  a  AmI 
are  placed  a  foot  or  more  apart ;  and  are  ooom 
gether  at  pn^er  iAterrfdi^  bj  shoit  plecas  il' 
each  one,  for  stiffening  them.  A  t  T  and  D  an  i 
three  lattices  or  lattice-bars,  of  each  truss; 
-which,  on  the  oatside,  constitute  tlie  main  braces;  \rhile  the  center  one  btl 
tcrbnico.  Such  a  double  truss  b(>ani  some  resemblance  to  the  Fairbalm  box 
the  difr  being  chiefly  tlint  in  the  former  the  sides  are  eompoaed  of  lattlee-bs 
in  the  latter  of  solid  plates. 

The  BowntriniC  tmss,  Fig  3S,  is  an  exc(>11ent  one  tn  regards  ftreai 
economy  of  construction.  It  hns,  however,  the  disadvantage,  in  lai^  spans,! 
culty  in  connecting  together  overhead  the  two  tmeses  of  a  S|)an,  so  as  to  b 

from  lateral  vibration  ss 
with  parnllcl  upper  aS' 
chords.  In  the  latter,  t 
section  can  he  mode  tm 
end  of  the  spaa ;  but  in  t 
string  it  can  be  done  < 
some  distance  each  way  i 
eenter;  from  want  of  1 
near  the  ends.  In  sboi 
with  low  trusses,  this  < 
not  felt.  The  verts  sod  * 
shown  in  the  fig,  ams 
stmts,  or  all  tics;  or  i 
Uowe,  a  Pratt,  or  »  Wt 
rangement. 

The   pnli    wkUm 
chord   y  y  In  a  Bo 

trass,  is  uniform  thronghont  its  length ;  and  is  tlie  same  in  amount  as  the  J 
at  the  center  or  crown,  4,  of  the  arch.  KLther  may  be  found  thus;  remn 
that  in  our  calculations  of  brid{^  trussen,  we  assume  at  first,  as  in  provlan 
pies,  tliat  all  the  woi^ht  of  the  bridpro  and  it:)  load  is  sustained  by  one  tronc 
that  the  resulting  strains  must  finally  be  divided  by  2,  to  distribute  them 
two  ttctnal  trasses :  * 


rig35 
BOWSTRING 


half  ih€  tmited  wt  sf^  j, 
hridffe  and  mux  load  ^  -^ 


JBbrprM  at  crown; 
or  puU  on  c/urd     ^''rise  vteMw-taTttweeHUmhalfMUpUa  ^ 


the  arch  itselff  at  it$/ool  and 

Which  is  the  same  as  for  the  Tlowe,  and  other  Iteam-trasses ;  but  not  ibrllB' 
BoUman's;  in  both  of  which  it  id  greater.  If  the  chord  has  also  to  aet  as  a  6 
supporting  cross-floor  p;irders,  it  must  l»e  made  stronger.  Bee  fbotneti^  fi 
This  may  be  avoided  by  placing  such  girders  only  close  to  the  Teita. 

For  the  prefi  alonflr  the  direction  of  the  arch,  at  MpH 

square  half  the  unitetl  wt  of  the  bridge  and  its  max  load.  Also  aquaru  the  Is 
at  crown  just  found.  Add  these  two  squares  together.  Take  tfie  sq  it  <tf  thi 
This  is  the  same  procctis  as  for  a  stone  arch.  The  pres  docs  not  incieassff*! 
from  the  crown  to  the  foot ;  but  in  bridge  practice  it  may  safely  be  assomadt 

Strains  on  the  obllqaea.    Whether  these  (Tig  35^  are  all  strab 

ties,  the  strains  upon  thorn,  according  to  Prof.  Uankine,  remain  aniJtorad;ai 
aion^  any  one  of  them  is  found  as  fol lows,  uning  the  numbers  of  the  two  vertik 
which  it  is  situated,  after  having  first  numbered  the  vertsalongo«#-Aa{f  sf  lb 
as  at  I,  2,  3,  4,  in  Fig  35.  The  moving  load  is  supposed  *to  be  uniform;  ssd 
tlio  Professor's  formulas  do  not  allow  for  the  extra  load  ctmcentnted  upon  tk 
ing- wheels  of  an  engine. 


Strain  along 
any  oblique  ' 


C 


wfightnfimt 


panel-lenffthofY^  th*  oblioi 


morivg  load 


Vvt  oblique 


wtri'atreich  qf  the obUque 


=><. 


.N(»  ef  out  ^  Hkifii 


IwteaUMi 
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riwt  Is  fh«  Btndii  along  the  oblique  ee,  Fig  35,  situated  between  Torts  No.  2 
1 ;  tlie  w«il|i;lit  of  a  itanel-length  uf  the  moviug  load  alone  being  10  tons ;  the 
:^  "tty^  ft ;  aud  ita  vert  stretcM  cn,lJbUJ    There  are  8  paaele  in  one  tru«». 

•X":*)  X  (i^)  -  XM  X  ^5  -  a^  U,«.  An.,  ,r  '-^  -  3aj 

ffats  oblique  €e  of  each  of  the  two  aetued  tmines  of  a  span. 

IMS  OM  tlie  wertlcals.  When  the  arrangement  of  verts  and  obliques. 
•'In  o(>,  thfsn  the  etrains  on  the  vort8  will  dopend  cunsidcrably  upon  whether 
Liiea  are  all  etrnts,  or  all  ties.  In  either  case,  however,  theyVili  be  greatest 
center  of  the  truss,  end  least  near  its  ends ;  resembling  in  this  respect  the 
yt  1-k  15,  and  16;  but  the  reverse  of  the  beam  truss,  such  as  a  Howe,  Pralt, 
)n.  In  the  Bowstring,  neither  the  verts  nor  the  ol>Iiqucs  susbiin  any  porti(«a 
ow  or  arch  itaelf ;  but  on  the  contrary,  they  are  all  upheld  by  it. 

m  tlie  ohllqnes  are  nil  stnita«  first  find  the  wt  of  one  panel-length 
ridge  and  its  nuix  load ;  and  ftrom  this  take  the  weight  of  one  paneMcngth 
.rch  or  bow  itseUl  We  will  call  the  remainder,  the  **  reduced  total  pane^ 
"  then  the 


b^fiM  on        /  reduud  tntal 
mjf  vert   '^  \  pandrwtight 


.  •       No,  ofvtrt  X  wwrf  lest  Ab.v 

)   X  (  1+  tmcethenwrnberofpoMeU   ) 
\  in  one,  truu.  ' 


Prhat  !a  the  greatest  strain  that  can  oome  npon  vert  No.  3^  Fig  05^  the  weis^t 
need  total  panel-weight  being  13  tons  i    llere 

13  X  (l  +  ^-)  -13X  (l  +  ^^)  =  13  X  1.376  -  17^75  tona. 

75 

—  Hi  8.9375  tons  on  the  vert  Ko.  3  of  each  of  the  two  actual  trusses. 

ir  tbe  obllqnes  In  Fl|r  S5  are  all  ties,  the  greatest  strain  upon 
of  the  verta,  is  simply  equal  to  one  reduced  total  panel-weight. 
Baakine  alao  says  that  in  eomt  ca«e«,  under  a  moving  load,  if  the  obliques  in 
re  f  uiA,  some  of  the  verts  may  have  to  act  at  times  as  struts,  as  well  lus  ties. 
tain  if  thU  is  the  case  with  any  given  vert,  use  the  fbllowing : 

5„j  ^NfKofytri  X  nnAgreaUrNo,^  ,  witffonepanAof    \ 

j^       X     f       twici  the  number  ofpanelt      )    *"*   I  bridge  only^  1 

\  in  one  truss  /  \wilhout  the  arc/*  itself./ 

MRilt  Is  minus,  the  vert  will  act  as  a  tie  only ;  but  if  the  result  is  either  0 
it  will  show  to  what  extent  tlie  vert  may  have  to  act  as  a  strut  also. 

«  »  B*WB(ri«flr  truiM  has  ne  ebllqaes,  but  only  verts,  the  arch 
^posod  to  be  sufficiently  stiff  in  itself  to  resist  change  of  form  by  a  moving 
0  greuteet  strain  on  each  vert  from  a  uniform  moving  load,  is  etjual  to  a  re- 
>tni  panel-weight;  but  in  practice  we  must  allow  for  the  greatest  load  that 
n  upon  a  panel.  The  proper  shape  for  the  arch,  under  a  uniform  quiescent 
a  parabola;  but  when  the  rise  does  not  exceed  about  ^  of  the  span,  (which 
d  not,)  a  circular  segment  is  sufficiently  approximate  u>r  common  practice, 
b  nnilbrm  quiescent  load,  obliques  are  not  needed. 

an  nreb  trufised  as  in  Fi|r  S5^  with  vertical  struts,  and  with  ob- 
dl  struts,  or  all  ties ;  the  strains 

troh  and  obliques  may,  according         q     ^     2     S     4 ^'S^ 

.  Ranklne,  .l»e  found  by  the  rules  "^ 

ran  for  tlie -Bowstring.  The  upper 
lie,  need  only  be  strong  enough 
'■the  load  upon  it. 

en  tlie  obllqneii  are  all 

tiie  verts  will  always  be  struts  or 
and  the  strains  on  any  one  of 
rill  be  given  by  the  foregoing  formula  for  any  vert  of  a  Bowstring. 

wn  the  oblianea  are  all  ntmts,  the  strain  on  each  vert  is  equal  t« 
teeod  total  panel-weight ;  and  in  this  case  it  is  possible  that  some  of  the  verts 
t  times  during  the  passage  of  a  moving  load,  have  to  act  os  tics,  as  well  as 

lb  ascertain  if  this  is  the  case  with  any  given  vert,  nse  Wft  \vcbX  -^T^^R^vwt 
h.   If  the  rtvnU  is  pina,  it  gives  the  pull  or  tenuion  wWo\v  t.\\<i  -vctWsvvs  Vv«% 
tf  as«  tie;  but  If  it  is  either  0  or  minus,  the  vetl  acU  «k»  a.  vc>»x  oxv\^ .   V\^' 
*u/»  tbMt  the  dotted  obUque§  in  the  end  panels  are  nol  a.V»o\v\X«\^  wiceesax 
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as  tho  formnla  will  show ;  but  that  it  is  still  well  to  iii«ert  them,  I 
greater  stiffness. 

The  I«oek  Ken  vladnet,  Ennrli^nd,  of  130  ft  clear  gpim,  i 
has  two  trusses,  13  ft  8  ins  apart  clear,  for  single<track  railroad^  on ' 
principle,  Fig  35,  omitting  only  the  vorts ;  which,  howerer,  aflSscta  the 
obliquos.  For  convenience  of  construction,  it  was  built  chiefly  of  n 
iron,  (see  t  ^,)  of  8  ins  by  4,  by  4,  by  ^  iach.  At  Fig  85,  d  ahoyr*  a  teai 
of  the  arch  or  bow;  which  is  uniform  throughout.  That  of  the  oni 
string  is  of  the  same  flg  and  size  as  the  arch.  Each  has  an  area  of  83 
truss.  The  top  strip,  a,  a,  of  rolled  iron,  id  24  ins  by  ^;  and  is  rivetei 
flanges  of  the  two  channel-irons  1 1 ',  which  are  8  ins  apart,  soas  Justtoidli 
between  them  of  the  obliquos  d ;  wliich  also  are  of  the  same  channel-iro 
are  about  12  ft  long  near  the  center  of  a  truss ;  and  8  ft  at  its  ends, 
two  trusses  alone,  without  tho  roadway,  is  very  nearly  60  tons.  The  wt 
beyond  the  theoretical  requirements,  to  save  the  trouble  and  ezpena 
and  fitting  together  many  pieces  of  diff  dimensions ;  jet,  althongli  i 
8trong  one,  tho  tnmsos  alone,  weigh  together  but  .37  of  a  ton  per  foo' 
two  obliques  cross,  one  is  in  twol)ieces,  riveted  to  the  other  by  straps. 

In  the  State  of  New  York  are  many  mnch>used  brldipes  foi 
trnvel,  by  91  r.  Whipple,  of  lUO feet  span,  and  121^  ft  rise;  with 
ft  apart  from  cen.ter  to  center ;  for  two  roadways ;  and  having  two  out 
each  6  ft  wide.  Each  truss  liaM  9  panels,  braced  altogether  by  vert  ai 
rods  (no  struts)  arranged  as  in  Fig  35.  The  vorts  next  the  center  of  eaci 
each  of  two  rods  of  1%  ins  diam,  welded  together  at  top ;  and  straddling 
The  other  verts  arc  single,  and  2  ins  diam.  Thoobiiquesare  all  single,  an 
The  arches  are  of  cast-iron.  Tlie  transverse  area  of  metal  of  each  aroh  is '. 
crown ;  and  21  sq  ins  at  the  spring.  The  shape  of  arch  transversely  resem 
iron  with  its  back  upward ;  the  total  depth  of  flange  7  ins ;  the  width  of  i 
ins  at  center  of  span;  but  increasing  uniformly  by  means  of  wideoper 
to  3  ft  at  springs.  Each  consists  of  9  straight  segments,  held  toyethe 
ting  flanges,  by  the  verts  themselves ;  which  pass  through  them,  and  hi 
nuts  at  their  ends.  Tho  screw-eods  are  not  upset.  Tlie  thickness  o 
arches  nowhere  varies  much  from  ^  inch.  Under  the  floor,  aqd  betwe 
are  horizontal  diagonal  braces  of  rods  %  inch  diam ;  two  of  them  to  eac 
of  them  with  a  tightening  swivel.  The  chord  uf  each  arch  consists  of 
diam.  In  tho  same  State,  are  also  many  similar  common  road  bridges 
Rise  9  ft ;  two  trusses,  19  ft  apart  from  center  to  center ;  *  and  two  oa; 
of  6ft  each  in  addition.  Each  truss  has  7  panels,  with  vert  and  oblique  ti( 
Each  cast-iron  arch  is  in. 7  straight  segments,  of  tlie  same  shape  as  I 
with  a  cross-area  of  metal  of  about  12  and  15  sq  Ins.  Its  width  at  cen 
ins;  at  springs,  30  ins.  The  two  verts  next  the  center  of  each  truss,  co: 
rods  of  1^  diam;  the  other  verts  are  single,  each  Indian.  Thed 
single,  1  inch  diam.  The  chord  or  string  of  each  arch,  is  4  rods  of  1 
Horizontal  diag  bracing  of  ^  inch  rods  under  the  floor,  as  in  the  forej 

Some  CBMt-fron  bridgres  of  the  fflevem  Tmlley 
Knipland,  of  200  ft  clear  span,  consist  of  arches  rising  20  ft,  ana  si 
railroad  nn  a  lei'el  with  the  tops  of  the  arches,  instead  of  above  them  a 
There  are  no  diagri  between  the  arches  and  the  roadway,  as  in  that 
iron  verts  only,  plticod  4  ft  apart.  The  railroad  is  double  track  ;  and  I 
arches,  one  under  eacti  line  of  rails.  Tlio  transverse  section  of  an  an 
flange  is  \h\^  iiiri  wide,  by  2  ins  deep ;  the  web  is  2  ins  thick.  Total  d( 
of  span,  4  ft;  and  at  thu  slcewbacks.  4  ft  9  ins  Transverse  area  of  each 
150  s(i  ins.    Each  arch  is  cast  in  9  segments  of  equal  length. 

The  CRfst-lron  bridfj^e  Mcross  the  Nchnylklll  at  Ch 
Phlinu  Strickland  Knoans,  Esq,  Engineer,  roadway  on  top,  has  twoai 
clear  span  eiich,  and  20  ft  rise.  Clear  width,  42  ft.  Each  arch  has  6  rj 
apart  in  the  clear;  and  of  the  uniform  depth  of  4  fnet.  including  a  hoi 
wide;  and  a  similar  (me  at  the  botttnn.  Thickness  everywhere 2*«| ins;  I 
each  rib  a  transvoi-se  area  of  147J4  «q  ins.  The  standanls  are  Tert,  wit! 
tion.  It  is  a  city  8tre<>t  bridge.  Tho  roadway  consists  of  cast-iron  plati 
port  a  pavement  of  culni-al  blocks  of  granite,  laid  in  i^ravel.  Th^  arch 
s>;gments  12  ft  10  ins  long;  each  with  end  flan^m  12  ins  wide,  Ibr'bolt 
jTt'ther  with  four  1%  inch  diam  screw-bolts  at  each  end.    For  a  chaiig< 

tnn>  from  12°  to  99°  Fah.  the  crowns  ot  \\\o.  wrc\\o.%  xlae  2-^t  ins.    TJnc 
i-xtraiwoiis  load  of  W)  Tat>8  per  »i\  lov^t,  t\\vi  <sv«iV)LV,vi«iX.  ^t^a  ow.  \X:yek  «xO&!ta ' 

*•  TTith  onlv  tiro  trnwB.  the  wVdth  belwecn  llvftm.\u  J^*  «^^«'jJ>£'^^J»g'^  Ji 
allow  tiro  ordinary  vehicles  to  paw  each  ovbex  tcaAUj ',  \»*^ ^^w J»  TV -^m 
uuucoeaaary  wJiea  tbcre  are  ouUlde  fooiwaj*.    Tb©  ^e»a^*^  *UwVi\i^\»*«« 
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'  their  croBS-section ;  or  not  more  than  ifg  of  the  nltlmate  crushing 
)rage  cast  iron,  in  short  blocks. 

»ley  Bridare,  Figs  35^,  by  Thos.  W.  H.  Moseley,  of  Kentucky,  is 
rought-iron  Bowstring,  with  a  hollow  plate-iron  arch  of  triangular 
.pex  up ;  and  formed  of  three  plates  riveted  together ;  the  two  side- 
having  their  top  and  bottom 
form  flanges  for  this  purpose, 
the  verts ;  and  the  two  counter- 
also  of  iron.  These  counter- 
nded  as  a  substitute  for  the  ob- 
).  Each  of  them  consists  of  two 
ick  to  back,  riveted  together, 
icals,  which  paHs  between  them, 
has  a  sectional  area  equal  to 
e  main  arch.  The  vertiods  are 
I  ft  apart.  They  are  flat  (not 
r  convenience  of  riveting.  They 
loles  in  the  bottom-plate  of  the 
)  dotted  line  of  top  Fig,)  and  are 
f  the  same  rivets  which  connect 
ces  of  the  two  side-plates,  ab,ac.  The  chords,  o«,  are  also  flat  bar? ; 
asverse  area  half  as  great  as  that  of  the  main  arches.  At  their  ends 
led  to  strong  wronght-iron  shoes  upon  which  the  feet  of  the  main 
d  abut.  The  rise  of  the  main  arches,  measured  to  the  bottom  of  the 
^jf  of  the  clear  span. 

ig  are  the  principal  dimensions  of  a  single-track  bridge  of  03  ft  clear 
in  out  to  out  of  arch,)  carrying  the  "  Iron  Railroad  "  at  Ironton,  Ohio. 
I  1860,  and  is  traversed  by  heavy  engines  with  trains  of  pig  iron,  coal, 
ttom  of  arch  101^  ft ;  to  middle  of  arch  11  ft.  Bottom-plate  ss  of  arch, 
I  inch.  Side-plates  a  6,  a  c,  in  clear  of  flanges,  14^  ins,  by  .29  inch. 
a,  each  3  ins.  Bottom  flanges  b  and  c,  each  1.88  ins.  Yert  rods,  3  ins, 
d  2  ft  apart  from  center  to  center.  The  chord  of  each  arch  consists  of 
each  of  4\4  sq  ins  of  cross-section.  The  bridge  was  tested  for  three 
id  load  of  5^  a  ton ;  and  a  rolling  load  of  1  ton  at  the  same  time,  per 
ieflected  only  %  inch.  With  a  lewd  of  1  ton  per  foot,  the  pressure  at 
lie  arches  would  be  about  full  4  tons  per  eq  inch  of  metal ;  and  a  trifle 
it.  The  sectional  area  of  metal  in  each  main  aruh  is  18^  sq  ins.  These 
easy  construction,  and  consequently  cheap.  For  long  spans,  vert 
ng  (see  Fig  35)  would  probably  be  essential  for  preserving  the  form 
inder  heavy  nu>ving  loads.* 

Arcb  roof  in  Phlladelplila,  clear  span  80  ft,  rise  16  ft,  con- 
rm  arch  of  single  7-inch  Phoenix  l>eam  of  6  sq  ins  sectional  area;  weigh- 
foot.  This  rests  on  cast-iron  shoes  on  the  walls.  The  hor  chord  or  tie 
)f  two  rods  of  1%  diam.  At  the  center  of  this  tie  is  an  arrangement 
I.'),  of  Figs  21^  from  which  diverge  upward,  to  the  arch,  a  central  vert 
a ;  two  struts  of  6-inch  Phoenix  beam,  20  ft  apart  at  the  arch ;  and  two 
iam,  reaching  the  arch  at  half-way  between  the  struts  and  the  feet  of 
$re  are  10  such  trusses,  eac)i  of  which  by  itself  weighs  about  3900  lbs; 
1  16  ft  apart ;  and  by  means  of  purlins  resting  upon  them,  support  the 
>f  the  roof,  which  is  of  inch  boards,  covered  by  thin  sheet-iron. 

roof  of  a  rollinsr-inlll  near  Boston.  Mass,  of  about  80 
ft  rise,  has  arches  of  the  Moseley  section  a,  6,  c.  Fig  3^;  but  without 
.  The  trusses  are  VI  ft  apart.  Sides  of  the  arches,  clear  of  the  flanges, 
nges,  2  ins ;  lower  ones.  I  inch ;  total  of  each  side,  lOtns,  by  .19  inch  thick. 
;^  inch  hy\^  inch  thick.  Total  Kectional  area  of  an  arch,  5.925  sq  ins. 
les,  a  chord ;  and  24  vert  suspending  rods ;  but  no  obliques.  The  roof 
I  corrugated  iron,  on  jMirlins.  When  required,  the  heavy  iron  rolls  of 
'ted  by  tackle  supported  by  a  roof-truss. 

represent  tbc  Iftlrr  truss;  which  was  formerly  more  used 

I  bridge  fieenis  to  hnve  Btnod  very  v^ell  fnr  Rereral  veani,  the  writer  would  prefer  not 
an  of  eomprennive  strain  per  sq  inch  on  plate-inn  in  Kueh  Rtructures.    in  several 
Moxeley  has  uxed  n  continuout  web  of  HI  lucb  iron,  instead  of  tbe  vert  suspenders. 
»  tbe  triangular  tube  Is  not  applicable  for  the  arch  *,  fwvd  h«i  !i\iiV»&tVl\\lA*\."«<i'l.>i^«*, 
and  to  the  web,  w,  which  passes  between  them,  at  \n  tV\e  ^ot«vt,o\w^  '^?,.  "^Yv^  toweAR-t 
f  anaecenarr,  are  omitted,    Th is  weh  would  be  obiectXfttiaXAe  \t\  \*.T«fe  a^«!A,  «;*\>^- 
Itlgen,  oa  account  of  the  wind.     More  recent\y   *tVW,  X^e  Yv**  «!«»  Vnvt^^^'tw 
vwttmTB.  la  Komm  of  hit  bridgea;  tng«th«r  with  TOWa-v  \uu«^av\otia  ^ixi  V>afe«t*»l 
u   At  turn  per  ft  ma,  Um  pull  oa  Um  cbocd  abov%,=%  toua  v^  a^M^ 
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than  any  other  In  the  United  States.  It  it  at  present  regarded  wltli  dlAtaehft^ 
l)ccuu8u  many  early  ones  failed  under  railroad  traffic,  in  conse^enoe  of  Lad  m| 
Mons,  and  the  absence  (as  in  our  Fig  36)  of  counterbracing.  When  pn^eiv.^ 
Btnictc<I  it  makes  an  ei:cellent  bridge.  The  common  objection  to  It,  sod  not  vu 
roa.son,  is  that  a  truss  and  an  arch  cannot  be  so  combined  as  to  act  entirsly  kjj 
cert ;  yet,  as  soon  as  any  ordinary  truss  begins  to  fail,  the  altnost  hiirftrisblena 
is  to  add  an  arch.  When,  Iiowever,  the  two  are  to  be  united,  it  is  better  toW] 
portion  the  arch  as  to  be  capable  by  itself  of  safely  sustaining  the  mas  loadilli 


Ot  Pi  1   til 


Rgs36 

BURR 


and  to  confine  the  duty  of  the  tmss  to  prevpnting  the  arch  fhmi  chongfnr  Mil 
uiidur  a  vioeitig  load.  Countcrbruciug  may  be  etfectod  by  strapping  the  heiidi 
feut  of  the  bntces  to  tlic  chonU;  or  by  iron  Yod»  paiallel  to  the  braoes;  two 
braoe ;  with  scrows  and  nuts,  as  at  v/.  Or  Uy  similar  rods  acriMS  tlie  oilMir  disf 
the  iNiiiels.  The  following  dinionsions  will  answer  for  a  substantial  «in^s4i 
railroad  bridge  of  about  150  feet  ^mn.  Rise  ftom  out  to  out  of  cliortlsrp^dF 
siKin :  about  fourteen  or  sixteen  {mnels.  Width  in  clear  of  archesy  13  tt.  MX  ■ 
pi(*ces  t,  of  8"  X  I'-i"  each,  to  each  truss.  Upi>er  chord  c,  \'l"  X 14".  Lower  chofi 
two  piece:*  each  8"  X  !*"•  Posts  p,  \2"  transversely  of  the  bridge,  as  in  the  ri 
hand  fig;  by  8";  except  at  the  heads  and  feet,  wlitTe  enlarged  to  retwivo  ttiesM 
the  braces.  Braces  8"  deep,  by  VI"  wide.  Floor  girden  o.  ft"  X  15":  and  2Uts 
apart  from  center  to  center.  Suspending  rods  (vliown  at  $\  and  (lotted  ra  s) 
diam.  Counterbrace  rods  in  pairs  parallel  to  bmces,  abo'it  IV^"  diam,  BdHl 
arolics,  lower  chords,  &c,  1^"  diain.  TliuoreticHlly,  the  posts,  bmces,  and  an 
should  gr.idually  diminish  from  tho  ondri,  towarl  the  center  of  tlte  truss;  wbik 
chords  should  increase;  but  in  practice,  the  additional  labor  of  getting  out  and  Ml 
pieces  of  diff  sizes,  frequently  makes  it  more  economical  to  use  uniform  tAtM^  1 
s.4,nie  amount  of  arch  would  answer  also,  if  tnissed,  as  io  Fig  ^ ;  and  tlie  arck 
itself  with  a  t'liil  max  load,  would  be  strained  less  tlmii  8U0  B>s  per  sq  inch,  atltil 
For  a  sptui  of  2()0  ft,  with  the  same  pri>iMu-ti«ni  of  rise,  the  transverse  areas  oft 
several  arch  and  truss  pieces  should  be  increaseil  ',V\  i>cr  cent ;  and  for  one  ef  KM 
they  may  be  diminished  tlie  sanux.  None  O'f  tlie^sc  dimensions  are  the  resnlt  of  d 
calculation.  The  dimensions  just  given  will  aiMwcr  for  common  travel,  foraipM 
2U0  ft ;  with  a  depth  from  out  to  out  ot'cliord.'i,  of  ^  the  span ;  panels  10  to  12ft  1> 
Many  such  spans  have  been  bnilt  with  timlrars  of  about  \  less  transverse  Rdk 
and  without  c(mntcrbmcing.  The  heads  of  the  posts  are  notched  al>out  2''  toS^li 
the  bottom  of  the  upi>er  chords;  and  are  moniover  tenoned  into  it  somo  insfiirlki 
with  two  wooden  pins  through  tUe  tenon;  see  n,  Fig)«36.  Their  feet  are aottl 
both  into  and  upon  the  lower  chords,  so  as  to  loire  the  two  chord-pieces  a  til 
about  2"  aiMvrt.    Through  tlu^se  and  the  post  ptvH  two  bolts  of  about  \"  U>\%9^ 

Since  the  upper  chord  resiwt*  corapree«ion  only,  its  pieces  may  come  togetber«l 
a  plain  butt  joint,  d.  To  this  miiy  l>e  addeil  fislies  e  d,  of  stout  plank,  on  tberil 
of  the  chord,  b<»Ited  thmugh  by  -4  or  »  bolts. 

The  lower  chords  resitft  pull:  and  the  i>iece»  composing  each  lower  chord*' 
therefore  bo  joined  together  somewliat  as  in  Fig  37,  Ac.    These  pieces  siiooldkt 


*  Tt  win  bo  borne  in  mind  tbnt  mrr  (ncaiiiT>les  are  not  fntendeil  to  fnoncrate  perfMtfr  i    . 

struoiurea.    Soae  of  them  would  endure  Htrict  erU\<A«».    TVMnre  \k  tnnra  -vmcb  «rf  timtxr  la  «■ 

built  with  a  ualform  trauflverae  aeottoD  thmuRtaoat.  ibtm  Va  \\\««\T«\^Y«^\kmctiitLai^<A«>V*M 

Pntt  Bimilarly  built;  tor  botb  muat  be  proportioned  to  xh%  urMLX«k\»vr»\n.   T>a\%\!fc^>^*g 

rAe  tiro  lant;  hat  while  that  at  the  ceuter  of  the  »Tob\»»»  «c«Mi»»Va >*«■•, ^3aaXifc>to**^ 

'VMer.    /ticeJCJcaanj>ie2,  ArtSiVer  FaveakB,Bk|^1te4te«,vMXs. 
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id  should  never  be  jointed  opposite  to  each  other,  but  one  opposite 
other ;  see  Vig  39. 

aerely  cut  to  fit  to  the  heads  and  feet  of  the  posts,  after  these  last 
their  places ;  and  usually  have  no  other  connection  to  them  than 
it  each  end,  for  small  bridges ;  or  screw-bolts  for  large  ones. 
Limbers  composing  the  arches,  butt  full  square  against  each  other; 
;  a  wuoden  duwel.    The  joints  should  occur  at  tlie  posts,  as  shown 
are  screw-bolted  to  the  posts,  as  shown  in  the  figs,  by  bolts  of  1  to 
lure  tlie  arches  pass  the  lower  chord,  both  are  notched,  and  well 
The  feet  of  the  arches  abut  against  cast-iron  plates, 
a  rods  (dotted  in  Fig  36)  are  used  for  assisting  to  support  the  road- 
jd  as  shown  at  s  « ;  »i  being  a  strong  block  of  wood«lightIy  notched 
r  arch-pieces.   The  rods  are  suspended  by  a  washer  and  nut  on  top 
after  passing  down  between  the  arches  and  chord,  have  a  aimilai 
inverted,  below  the  last ;  as  shown  at  g. 

rs  not  exceeding  14  ft  clear  span,  may  lie  8  ins,  by  15  ins  deep; 
ore  than  about  2^^  ft  apart  from  center  to  center.  Upon  them 
and  spiked  stout  string-pieces,  say  \2,"  wide,  by  9"  deep,  to  carry 
istribute  the  pressure  of  the  load. 

raelnir  for  diminishing  lateral  motion,  can  be  used  only  nnder 
jridges;  but  in  high  ones  it  is  introduced  also  at  the  top  of  the 
timber,  these  braces  are  about  4  to  ti  inches  thick ;  by  6  to  9  deep; 
ross  between  each  two  opposite  panels  of  the  two  trusses.  If  th« 
id  has  girders  r.  Figs  36,  3G^,  upon  and  well  secured  to  the  upper 
per  lateral  bracing  may  consist  simply  of  4  iron  rods  n  n,  passing 
s  aliout  midway  of  their  depth  ;  and  living  heads  and  washers  on 
At  the  center  of  the  cross  the  rods  terminate  in  an  adjusting-ring; 
'Jl^.  In  a  bridge  of  loO  ft  span,  these  rods  need  not  exceed  % 
center  panel,  and  \}/^  at  the  end  ones.  If  the  bridge  is  high,  and 
•en  at  top,  then  cross-struts  r  r.  Figs  36^,  must  be  inserted  pnr- 
ro<i-bracing  is  used.  If  it  is  also  used  at  tlic  lower  chords,  the  floor- 
e  duty  of  these  struts.    Iron-bracing  is  not  liable  to  catch  fire  from 

node  of  lateral  braelnfp,  W,  Figs  363^  resembles  a  Howe 

IS  side.    In  it  the  diiigs  of  the  cross  are  struts  of  timber;  and  the 

d  rods.    One  of  the  stmts  is  whole,  M'ith  the  exception  of  a  slight 

;rt  side,  at  its  center,  for  receiving  tenons  cut  on  the  inner  ends  of 

lich  compose  the  other  diag.    At  the  sides  of  the  chords,  the  oudtf 

jpon  a  ledge,  (shown  by 

)  about  1^  ins  wide,  cast  Hflfli^^H        ^^  C  C 

he  cast-irou  angle-block. 

sing  through  the  chords 

dug  tightened  by  means 

the  diags  firmly  in  place; 

Mr  shrinking  a  little  in 

tightened  up  by  the  same 

utions  of  these  methods  "Rin*  O  C  J- 

cannot  afford  them  space  -■- '  M  "  ♦^  "  * 

igle-block  lA  as  deep  as  a 

ss  need  not  exceed  34  inch,  fn  a  large  bridge.  The  dark  triangle  If 

It  has  holes  for  tlie  passage  of  the  rod  r  r. 

d  somewhat  into  the  details  of  the  Burr  tniss,  because  many  of 

■  less  applicable  to  others.    A  good  light  water-and-ftre-proof  ma- 

)ofs ;  and  one  not  corroded  by  the  smoke  from  the  engines,  is  yet  a 

iKtlienlnsr-Mcarfd,  flip1lee«,  or  Joints.  The  iowerchords 
exposed  to  great  pulling  strains,  require  much  care  in  connecting 
of  the  several  pieces  of  which  they  are  composed.  There  is  much 
ling  the  strength  of  the  joint-fastenings  in  common  use  for  this 
aents  on  the  subject  are  much  needed.  When  only  two  pieces,  as 
38.  are  joined  by  any  of  the  ordinary  methods,  it  is  prol^bly  not 
L  tiieir  possessing  more  than  }/^  of  the  tensile  strength  of  a  single 
il  cros8-flecti<»n.    When  the  chord,  as  Svl  Y\%  aft,  Vs  cotd^jft!^  q\  X's;^ 

n  n,  made  up  of  long  pieces,  breaking  SoVwt  viVlYv  feWi\\  cAX\*t,v^%x 
two  parts  may  be  made  somewhat  stTonfceT  Wwox  «\Wex  '»«»»  5? 

itteU.    ThiM  is  owing  to  the  oppoTiunitsf  aSot&e^  ol  coT»L«ft.\3a 


InFig4Ds.iiM«<si[-lroDpKhing-bliKks.»dietlin«nBBd<nnaiiI(irptt 

[  Sf  tfae  bloukB  sranHded  onl;  nhen  vertioil  trnia  rods  hive  to  puB  (hil 
I  toliiu.  Mi',urU»Hiuene.t«ibowniinnt1u<rllinii.aiiicbiBFdiBBkiH4l 
I  «t  ton.  or  man  pcmllsL  HrinKS.  Bolh  thn?  sn  m  dsrp  ■•  tfaiabatdSi 
v^Btlons.  or  end  liEirs  shown  in  tha Hg-nuif  bo  frum  4.ta  10  Ina  lai|S 

m.  In  Klx^ng  hurd  tiind  for  apIU^lnK-blDCks.  tiHoulH.  Dr  br  M 

ji<,/rf<imll  tun>maiabertb]U(h«<wkBwliiin  in  cnnlaut  with  IfaefiM 

IS  rfsmj-  of  the  litter ;  theretore,  tt  l>  i;™Eni\l|  tmlVair  iu  wn^v  <li«  <■• 


[  the  until  in  ((>™ 


TBUSBES. 

ir  tinli^r  la  reiKt  tac 
ink'lpsil.'i.au.iufirou 


ebarda  of  Iran  brldK«a  otuiillr  co 


l;««.l»iu  Pig.™ 


In  pin  . 


iillr  KulDl  u 


-  Entire  Jeplli  uf  Uie  lUik.    Thuc  pninniaiBilc  diideiuuiii  an  Ssamd 
d  thedlMnaf  Uieirronstat-iraN(itiboa)il  beirfrtHl)     ; 

i«M^^Ell«igtharUU>iri>k.)  Uai»ifer.lhilrii«riIig<T«ikltA<r^  |l 
kmk  u  tmrh  link  Maid  Ab,!  Ok  pli»  lumM  nt  ten  plK» :  thmlillG,  in  Hg  \\ 
IJ^maMI«afaaindntx1g1itT<<«»l"ils1rn«thiBiiclilH<]iaiBnii»Uienl<irs      ' 

OK  die  chord.  Aa  mvlUiMy  Irnn  pulnhil  bni^  of  100  R  spno,  augln  truck, 
linked  by  a  mia.  wuulil  hue  ■  inalii  uf  hImui  2lU  Imu  at  tkn  cenlrr  uf  III 
rclurds:  or  ilnat  V^  Idh  ok  tin  rluicd  hT  oae  Irun.  Sup)>«iB  Iliia  rtKin)  tu 
U  uf  t  jiualti!!  (Inki^  ai  in  r^  B.  TIwb  Uk  pin  niiut  he  itriitig  unuogh  va 
U^BiiiiiEatniinar-^sUf  iei«.orabuut3arKUIba.  TolwnfB.IIiliaulJ 
■■Bk.  with  leu  tliui  «iisr  fill  tiiDAfl  an  mncti,  4r  210000  Ibfl.  Thflrrfiin],  aaiuuiinK 
IbeHfBg  «tF4>n^l:k  lit  vjTuagbt  ino  to  jiverwn  4dO0O  fhfl  per  aq  Inch,  vliich  l# 

V  — Dcuij  fiBqim;  OF  &  circle  or  S^lnndluii.  Sueli  iAm  ibauM  lie  made  of 
indsal)gl>li>d<lHt«i<  made  to  IlMdlnmti]  allow  for  wear  fnin  Tllirallniu. 
IfcM.  ThitMti>wlii|[FiE>43.(Ml>)lilliatii»ulapti<lluiiiuiit<iftheaueaIbaI 
E|i(nGn»  Hllh  wnodvn  iHWiia.  Ac.  Tbejniwit  bin  rflttucxiilHiioIlon.  ¥lga 
IgUnadlTOf  •|illell«a  paU;  imtrtag  ulllcli  Uic  Ubc  noBliimM  nertr  liu  in- 
H  uMofr^  linl  be  miule  niti  othcratH.  ta  <««  g(  alirlnluen.  or  o(  groat 
pilih  •»  IBuil  on  Mi*«id«of  it  lend  fa  slide  nlongsmct  other,  and  tbn*  bring 
M«ata  upon  Ac  bnlu.  VHmii  iinHIrr  MwngWi  k  reqd,  inm  hui<pii  aaj  he 
kWlt  ft,^.  «Kl/,ln»l«id  rfbolM.  Flgft,a.pmrt«pllml  1*  i  DrtilBK  piecee: 
l|»«»*ofcatBiiodeitlii*lTh"'«."«'»"»oi>P«  PW';  or  liy  houjH, M  in  llie  | 
It.  nt  iBope  iMj  be  tf^lnned  by  1hi>f:«  and  tcreiM,  m  at  i;  or  tlila  Iron 
few  Iw  drini.  hf^geep  llw—  md  the  «l«l»ni,  tf  neMMr..    FiuClioBBm 

MWnr  * "d  I  abnt ««»( o»t ™cli nthw,  aal  confln'lng  theni  boloepn  s  donblo  I 
Hpnill:  « H an tm MiiClufliniuh *hich  Ihelwltapau,  A ilmUHr BTTniitce-  I 
^^WlWiMod  farnnitina  Ihe  lis-lKaB  w, with  the  rnitr.of  the  qasfiui  vitb 

SBlilchtaniEtatDK.    An  Irmi  nMrrnp.M  at/,  may  twiMod  Br  the 
PB-«;Midlii.tron|!er.    FijM*,  f  J™  bnl"  hemirn.    Whsn  a  tjeum 
•iwi*  final  Arlh  la  required,  if  we  abtftlB  it  li»  oiorely  UjiiiK  o»  V«iB.ftW. 


^4 


pRiialon  mlleni.     Fig  43,  ai 
■powKlau-Ilnks.  Figi  *t 

;mp«™iare.  wlthoii 


Kas,! 


:  ulciiif  tha  ilde  (if  ibu  bed-iilme.    Flaug  a  bIiou  d  ilu  prq|«t 


form  of  tnii*;  qiulltvof  Imn;  proporlloni  of  wroiifEht  And  cful 
■ikipted  r«>r  a^rel J.  KDd  fur  itTHOgtli  oC  runterUlfl  ^  whflther  tbsroq 
cbord^  or  the  bottom  on*,  4c,  to. 

rcr   It   mere  apprOZ  WtubiHiigneduiipnllnilDirT  n  ~ 
*a«lfMt)iBlbUawkDrpaTilTBinpl'i«1rvl«.   It  ha  r«  tb«  ■■  [wr  feat  njq«r 


■•■•Ilitr^iB*  lUIr 

SIX!"™" 


«s'''!™  K^:^«T't^: 


Tnble  of  Mpproximnte  KTemice  wetirkiB  per 
•t«sle  traeh  nUliwiMl  brIdK«>  of  Ironi  by  a.bi»a  m 
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ligUlnt  bridg.  Hud  taj  «rihe  b™m  -ystoWK.   Tl»  W 
iiD,i>rianisiliigle-trmcknnlin<LroulUriag»urihukli 

Smllh  «  Utr»be,  of  BHltlmnrs.    Theic  gsntloniH  • 
tv;  und  lue  only  Iran  of  mnerlnr  qnnKty.    Thu  wtal 

ft  run.    See  Art  31. 

■  oTr-ir-iSS 

.    Wt  per  rt  .3' t»n.   I   Clear  ipin  150  rt,    Wlperfl. 

ThB  «inn;mplat 
8h>l«r  Smith,  boti 
(ttae  two  ttuHM  al 

d  Fink  bridge  BcriH.  th-  Miewuri  Kt  at.  Chnrtes,  d»i 
m  road,  ulngla  track,  with  timnt  of  32s  ft,  i>  <«tlmiit« 
ne)  1700  Ibg,  or  .J«  Ion  per  fl  of  iprni;  the  rondwij  S8I 

KM  loot.    Two 


iwark Djrks  bridge. KiigUnd, Warren  girder,  'iUI'Xttt 
iiwainuio-lnick  lubeiof  tliBVVeVitU\itiAieBiil»oiAn«l,a4(t 


of  tlw  Eaan 


1  CsiOnt  V.  %,>X  WlVu^Gv 


m,)bT  Kr  LIntllU,  XI  ton.    Tba  Hm  S30  ft  ipiii  iicnv  ths  OUn  mX  Eisik 
'lioeD>ton/li>/iba1t  li^dga  tnuHi,  ■»  An  SI,  p  301.  > 

0  npsn  n  brMyc, 
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60  ft  apan.  Bat  la  a  oommon  bridge  alio,  tht  greatest  load  per  ft  mn.  on  a  rery  ilMrtw 
greater  iban  iu  a  loug  oue  ;  a«  iu  tbe  oaM  of  two  wheeU  of  a  truck  bauliug  a  large  bloak  m  s 
aud  ibi«  oioat  be  takeo  Into  oonsideratiou  io  baildiug  aucb. 

It  mnst  aldo  be  remembered  thiit  each  transverse  floor-girder  must  bear  of 
the  weight  reatiug  upon  two  wheels;  no  matter  how  close  together  the  gird 
be  placed.  If  they  are  farther  apart  than  the  dist  between  two  axle«  of  a 
they  will  have  to  bear  more  than  the  load  on  one  pair  of  wheels. 

Tbe  allowance  for  safety  in  a  trnss  brldiptw 

A*  the  result  of  a  loiig*ooot!oued  series  of  defleotloas  applied  to  an  experlmeotal  plated 
of  iO  ft  spau,  Mr  Falrlwlrn  oouoludes  that  a  bridge  subject  to  lUO  dcfleotlous  per  day.  ewi 
tbat  produced  by  H  of  its  extraneous  breakiog  loud,  would  probablj  break  down  in  abeel 
while,  with  lUO  dailr  deflections  equal  to  that  arisiug  from  but  }4  of  its  breaking  load.  It ' 
fully  800  yeari*.  Mr'Falrbalrn's  experimental  bridge  weighed  but  little  iu  comparison  to  ( 
lug  strains  to  which  it  was  subjected.  Had  the  reverse  beeo  the  case,  we  oonoeive  tbat  a 
might  have  ensued.  We  are  of  the  opiuion  that  a  bridge  should  not  have  a  aafety  of  test 
Its  max  extraneoas  load,  and  its  own  weight,  combined :  nor  do  we  see  any  use  in  es 

A  well-proportioned  bridge  shoald  not  detlect  more  than  yiArTr  P*ct  of  its  span,  under  Ita 

It  will  not  deflect  more  than  y^^^;^  or  -^ffjf  P»rt,  if  due  care  be  taken  in  fltUng  its  Ji 

througboat.    See  on  the  Camber  of  bridge  trasses,  Art  SO,  p  302. 

Art.  20.  Remarks  on  kinip  and  queen ;  and  on  Fink  tr 
for  roofM.  The  following  comparison  is  founded  upon  total  t<pan8,  or 
of  truss,  of  154  ft.  Rise  3U.8  ft ;  or  ^  of  the  total  span.  Trusses  7  ft  apart  f 
ter  to  center.  Each  rafter  83  ft  long.  Total  load,  inclnduig  tho  truss  i 
tt«  per  sq  ft  of  roof;  or  20.8  tons  to  each  truss.    There  are  seventeen  point 

20.8 
port  In  each  truss ;  consequently  a  full  panel-load  (Art  11)  is  ~  =  1.3  tons, 

as  shown,  one-half  of  each,  in  Figs  47  and  48.     The  strain  in  tons  (a 
as  if  all  the  weight  of  truss  and  load  were  on  tho  rafters)  is  marked 
member.    The  assumed  coefficient  of  safety  for  ties  is  3.    Iron  is  supi>oeed  tc 
that  will  not  break  with  a  less  pull  than  20  tons  per  sq  inch ;  the  assumed  sa 

20 
able  pull  being  therefore  here  taken  at  ^  =  ^  tons  per  sq  inch.  The  safe 

along  the  rafters  is  taken  at  '6^^  tons  per  sq  inch.  The  struts  are  assumed  to  be 
cylindrical  tubes,  with  an  outer  diam  equal  to  i  of  their  length;  and 
thickness  as  will  give  them  a  metal  area  of  1  sq  inch  for  each  2  tons  of  stra 
rafters  are  in  the  present  case  sujiposed  to  bo  9-inch  rolled  Phcenix  beams ;  7 
transverse  area;  weighing  26  lbs  per  foot  run.  Tho  ends  of  all  tie*  ares 
to  be  enlarged,  or  upset;  so  that  the  cutting  of  the  screw-threads  shall  not  ( 
their  effective  area.  The  purlins  are  supi»osed  to  be  at  or  near  the  "poiuti 
ptirt,*'  so  as  to  produce  no  cross-strains  on  the  rafters. 

Table  1.  Welgiit  of  tlie  Fink  truMM,  of  wlilcli  Fifr  47  i 

one-iiair.    See  also  Figs,  p  261. 
Length  154  fL    Rise  -^  length.    Trasses  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof;  indndini 
Bee  Note,  p  280. (Original.) 


Name  of  part. 


Total 
reight  of 
all  the 
parts. 

Lbs. 


Bafter. 


■eoondary  ties.. . .  < 


u 
(  , 
m 
I   . 
k  , 
s 


Strata ^w 


{f 


Center  vertical  jr say 

Joint *nd Mpllalatf-pieew,  nota,  Ae,  Ac...  say 
Sboea  *t  eods  of  rafters,  say 


fft  ofparliam  aoi  fooloded.  Total  wtof  tmaa 


-:,.r-\ 


Uil[  •'■"''  "/wn  an  area  of  W  ft  dlam;  the  \aat  mm,n  X>eVa«\o'«MeA^'«iilf«aiS>e« 
^««.    Bemult,  J:iO  Ae  per  aq  ft.    8m  footnou  j-  W». 
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^mduding  th«  trwuSt  the  area^  and  wt  per  ford  run  of  ench  part,  as  w^ll  as 
I  upon  it,  when  the  trunefl  are  at  the  same  diatance  apart,  with  a  rite  of 
jry  directly  <u  the  $paru ;  bat  the  UAal  wts,  as  the  sqimreg  of  the  spani. 
ia  easy  to  deduce  from  the  table  the  areas  reqd  for  smaller  spans.  The 
r  amali  spans  are  frequently  made  of  round  iron  rods  from  IW  to  1%  ins 
of  ordinary  flat  bars.    Tubes  with  the  same  area  of  metul,  would  be  better. 

es  also  of  different  spans,  and  rise  of  -^  the  span,  7  ft  apart,  in  which  the 
id  struts  arc  of  wood,  with  ties  of  iron,  the  f trains  may  be  deduced  quite 
om  those  in  Figs  47  and  4S.  They  will,  however,  be  somewhat  greater, 
'ooden  strutd,  not  being  hollow  like  our  assumed  iron  ones,  must  be  heavier 
latter  to  prevent  bending.  The  weight  of  the  load,  however,  w  generally  so 
later  than  that  of  the  truss,  that  this  consideration  of  the  strut  is  not  very 
Bo  that  a  roof  partly  of  wood  may  be  assumed  in  practice  to  weigh,  togttUer 
Htd^  but  little  more  than  an  iron  one ;  and  the  strains  on  the  several  part* 
)arly  the  same  in  both  cases. 

2.    Weiirlit  of  tbe  klnip  and  qneen  tranM,  of  whlcli 

Flgr  48  flllows  one-liair.    See  also  Fig  14.  p  267. 
I  ft.    BUe  4  length.    Trauet  7  ft  apart.    Load  40  Ibt  per  tq  ft  of  roof;  inoladlag  trass. 
P  380.  (Original.) 


Kame  of  part. 


H 
G 
P 
E 
D 
C 
B 
LA 


! 


i 

I 

m 


tlcal....l> 


Number 

of 

parts. 


rpnelng-pieees,  nuts,  &c,  to  . .  saj 
ids  of  rafters say 

Total  weight  of  truaa  = 
Ins  not  Included. 


2 
a 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 


2 
2 

2 
2 
2 
2 


Area  of 

Lbs.  per 

Total 

each  part, 
sq.  ins. 

foot  ruu 

weight  of 

of 
each  part. 

all  tbe 
parts. 

Lbs. 

T.5 

25 

4150 

2.2 

T.88 

J46  70T 

2.44 

8.14 

162.80 

2.68 

8.94 

178.80 

2.92 

9.74 

194.80 

8.16 

10.54 

210.80  f 

3.41 

11.34 

226.80 

8.66 

12.14 

242.80 

8.66 

12.14 

242.80  j 

.0 

.0 

.0  t 

.1 

.83 

584 

.2 

.67 

16.00 

.9 

1.00 

82.00  y 

.4 

1.83 

53.3.) 

.6 

1.67 

80.00 

.6 

2.00 

112.00  J 

1.4 

4.67 

150.00 

.88 

2.92 

64.20^ 

1.05 

8.50 

91.00 

1.28 

4.25 

186.00 

1.56 

6.17 

196,37  V 

1.82 

6.08 

267.6;i 

2.12 

7.08 

868.30 

2.40 

........ 

8.00 

464.00J 

400.00 
400  00 

85»2.4« 

4isaoo 


ieo«.ao 


298.06 


150.00 


1567.50 


400.00 
400.00 

8592.46 


8692.46 

7688 


,  the  wt  of  the  king  and  queen  truss  in  this  instance  is  equal  to 

times  (say  1^  times)  that  of  the  equally  strong  Fink ;  or  the  Fink  is  about 
ghter  than  the  K  undQ.  Theoretically  the  diff  would  be  less,  because  the  rafters 
and  Q  truss  being  so  much  less  strained  at  top  than  at  fcwt,  may  he  diminislied 
heir  upper  ends,  instead  of  heing  proportioned  throughout  with  reference  to 
:  strain  at  their  feet.    If  the  theoretical  diminution  toward  the  tops  of  the 
were  made  in  both  cases,  the  wts  of  the  two  forms  of  truss  would  be  nearly  ' 
But  in  practice,  on  the  score  of  inconvenience,  this  is  rarely  done  in  roofs 
mte  span :  say  less  than  about  100  ft.   No  such  diminution, or  bwl^ftx^  ^W^igcvV, 
e  admiMible  even  theoretically,  when  the  purlins  are  not  VV«Lce*i«X\N\^^wvtw\* 
Prt  onlj.     Jf^tA  tfte  tame  Mat  load  per  gq  ft,  inoluding  the  truss««,  \Xv^  "WxXXfc^ 
w  thtu  when  aimilar  truaaea  of  different  spans  are  placed  at  0\e  wvnve  a> 
fvrjn  prnctice  coDBider  their  total  wta  to  vary  A\rect\'S  a»  t\ve  »awiTe* 
%  (ingtha.)  And  their  wta  per  fool  f^fapan,  (\«ngl\\.^  aa  ^eW  a»  v\>o  ^^^ 


300 


TBUSSES. 


▼ene  areas;  the  wts  jter  fool  run  of  each  individual  member;  and  fhe  lA 
member ;  to  vary  directly ^  or  m  the  same  proportion  as  the  spans  tkmudpt 
when  the  dist  apart  of  the  trusses  is  7  ft  from  center  to  center ;  the  i 
span ;  assumed  load,  including  the  wt  of  the  trusses  themselres,  40  lbs 
roof  covering ;  and  the  various  parts  proportioned  for  the  several  straim 
assumed  in  Tables  I  and  2;  the  wt  of  a  properly  constructed  Fink  t 
approximately  as  follows :  (See  NOTE  p  260.) 

Total  wt  in  lbs  of      square  of  span  in  ft 
a  Fink  roof-tnus  ^ 


and  the  wt  in  fi>s  of  the  truss  per  foot  of  span 


8.1; 

span  in  feet 


And  the  total  wt  of  a  K  and  Q  truss,  will  be  about  ^  part  more ;  or  ^-— —-^ 

Or  per  foot  of  span,  =  — —         — 

These  rules  give  -^--  =  7650  B)8,  for  the  foregoing  Fink ;  and  -5—- 

for  the  K  and  Q  truss.    From  these  rules  we  have  drawn  up  the  follow! 

Table  8.  Approximate  weiglits  of  roof-tmsses  of  f 

Mystein.    (Original.) 

Biae  4-  span.    Trusses  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof,  including  tr 


Wt  per  sq  ft 

Total 

Total  wt  of 

Wtper  ft. 
of  Span. 

of  ground 

Total 

Total  wt  of 

Wtperfl. 
of  Span. 

Span. 

a  Truss. 

covered. 

Span. 

a  Truss. 

Feet. 

Lbs. 

Lto. 

Lbs. 

Feet. 

Lbs. 

Lbe. 

10 

129 

6.46 

.92 

100 

8228 

82.8 

25 

202 

8.08 

1.15 

105 

8557 

83.9 

80 

290 

9.67 

1.88 

110 

8904 

85.5 

S5 

396 

11.S 

1.61 

115 

4267 

87.1 

« 

616 

12.9 

1.84 

120 

4640 

88.7 

46 

654 

14.5 

2.07 

126 

6041 

40.4 

60 

807 

16.1 

2.30 

130 

5452 

42.0 

65 

976 

17.8 

2.83 

185 

5880 

48.6 

60 

llfiO 

19.4 

2.76 

140 

6386 

45.2 

65 

1363 

21.0 

2.99 

145 

6782   . 

46.8 

70 

1584 

22.6 

8.22 

150 

7260 

48.4    . 

75 

1815 

24.2 

8.45 

155 

7750 

.    60.0 

80 

2064 

25.8 

8.68 

160 

8256 

61.6 

85 

2331 

27.5 

8.91 

165 

8782 

53.8 

90 

2616 

29.1 

4.14 

170 

9324    . 

54.9 

96 

2912 

80.7 

4.87 

175 

9879 

66.5 

For  king  and  queen  trusses  add  ^  part  to  the  tabular  wts;  when  the 
as  usual  of  the  same  size  throughout.    8ee  Note,  p  260. 

Tbe  wts  in  the  4tli  column  will  remain  nearly  the  same,  wl 
be  the  dist  apart.  For  if  this  be  increased  say  to  14  ft,  each  truss  will  si 
as  many  sq  ft  of  roof;  and  must  itself  be  at  least  twice  as  strong  and  hen 
to  do  so.  We  say  *'  at  least"  because  if  the  dist  apart  is  increased,  the  w1 
lins  will  generally  increase  more  rapidly  than  said  dist.  Thus,  if  the  dist 
the  purlins  will  not  only  be  doubled  in  length,  which  alone  would  doub 
but  they  must  also  be  deeper.  In  practice,  however,  long  purlins  are  ' 
vented  ftrom  becoming  very  heavy,  by  trussing  tliem,  as  at  7,  Figs  21)^  1 

Tbe  cost  of  trusses  alone  for  iron  roofs,  generally  varies  beti 
12  cts  per  lb  put  up ;  depending  on  the  price  of  iron  and  labor.  The  putti 
from  %  to  1^  cts  per  fi>.    With  trusses  7  ft  apart,  iron  purlins  will  weigb 

5>er  sq  ft  of  ground  covered  by  the  roof.    Therefm^e  to  any  wt  in  the  4th  c 
^lult  the  sum  by  from  10  to  12  ctH,  for  th6  cost  of' trusses  and  purlins  alone 
ground.    Add  for  covering  with  tin  or  slate  on  boards,  say  15  to  20  cts  per  < 
corrugated  iron  on  the  biire  purlins  say  35  cts;  or  if  on  boards,  38  to  40  c 
Brldii^e  trusses,  at  shop,  wrought  iron  parts  8  to  11  cts  per  B> ;  cast  ire 

IttM.  1.    As  to  the  proper  total  wei^rht,  or  load,  p 

0/  roof,  (inelttding  snow  and  unnd.)  that  thonld  be  a.H<iamfKl  to  be  suntained  by  the  tmi 
dlffitr  conniderabfr.     The  French  »ppear  10  c«>u*\A«r  '.\j>  Yis  aa  auVvclcat ;  while  the  R 

Siaoe  roofs  hi .    .. 

of  Hafcty;  tlii 

^nfnoteiit.     The  ...».«  .n  c«.<i.-iiv>t  >»»..»•—<"- -y  .  »»i_jk. 

ifmlf.  for  *p.,f,.s  uot  excoeiilun  about  73  ft,  and  'irVvW  tT«**«*J  U  rvwxtt  V^^\»ViXVbh^ 
t«#  tJi9  truss  iueir,  purlins,  *o,  oomplete,  may  lia*at«Vj  »touaat»Ai«^%. 


n  7B  tt  or  less. 


npleoroaeafroreicolnictaMeB.   A  FinkrvursnriislipuiirlKl; 
■  I  It  .piirt :  md  m  Im  conred  wilh  sL.lB,  ™  b™rd«  l^J  inch  thick.    H.re  mi 

mrt,  11  "DDld  bB23mtii.  ButdortnblFlsrorWIbiipiireqrtorrDar:  while, 
•D  boanlt).  a«Bn,  ari^pinlBig.tBroHlclrnl.  TlwBfun.  ws  Da;  rDdocBWis 
",•  triwB  'A  p«rt.  m»king  it  onlir  «iau  Bw. 
L«iriulKru».aOipiiii;  tnuHmn^I/lapon,  Turn  taT>blii1,«lie»th« 
toliLl  length  or  apan  of  IM  ft,  Bui  GO  ft  Is  th«  ^  ^  ux  Itia 
»t  nr  IMfl;  Iherpfote,  the  iire«.snrt  Iho  wu  i<n-/nni™n  of  each  member  oT 
n  ft  inm.  will  be  .4  of  ihine  of  the  IS'I  R  one,    Tkuii,  thi'  iim  uf  a  niter  irtll 

^  tnen.    Itt  wt  per  fuol  run  will  beSS  X  •*  =  10«W-  ^e  "ff* 

p«ErMa"f''i:iro'DlRr%rea>'li  «|ml  tn  ■  ronnd  rod  lery  ntnrly  HTichlirai;™!* 


I  ■  8dm  thil 


mske  B  dio^nin,  Hnd  pdrbctn  nil 


ArL.ao.  OntheeBmberarirnwbrldKeB.  iDpncllce.tbe 
lower  chords  of  l>rld)-nH  m*  not  miidg  iwrfsctl]'  ■CroJcht,  bat  vo  luiried  •! 
nnl;  and  ihlsmtvo  is  cbLIhI  ths  cniBiber  uf  ihetniBut  l.ridgo.    Ita<i 

Cuonl  Hie  lTu«i  from  bunding  duwn  below  ■  bar  line  when  lieuvilj'  loaded.  A> 
md'chOTdisorconne  lon^^t  Ibnn  aiCnljIil  llnis  nnlHiiElCBaiids^  botln)^ 
Uie  caiDljer  la  ao  asiiilJ  tbal  tbU  dlR  ia  iunpiicecUbLe,  aod  ma;  ba  Htlnlj  — ^ 
Bat  wbiin  Lbe  cbanls  are  avnitered,  i-me  g  t  and  c  a.  Fig  SI.)  tbu;'  bwwna  r 
■ra  of  tao  large  cinjlea,  of  wbicb  tba  caularla  at(;  iJidtlif  nnporoBoi 

Sneg  iQBSBi  Uian  Ihc  lower,  to  an  aitc^ut  wblch,  aJlhougb  ibii^  eiaggcnM 

Mwii^ft  portiuiiH  of  radii  uf  the;  afDreMid  large  cLrclw;  and  aJtbougb  th<lclii 

miut  fljid  lloH  grnit  is  liiiB  Increaxe  of  leiijj^tb  of  tbe  Dpper  ch^rd  bt/DIld  lbs 
ODBi  Knd  dlildu  it  eiiTiiillj' iiTiiong  all  Uw  iwadi,  ulung  mtd  abord;  vtbgnM 
KTeral  jnrtB  of  Iba  Iruia  will  uut  HI  accuratFlx  togstlier, 
1st.  To  Hnd  ihe  amODDt  ortntipiber  of  the  lawer  clivrl 

bjSD.    The  qnot  will  bo  aBnfficicnt  cumber.  In  Incbea;  aaabowu  in  tba  Ibliotl 


Table  of 

1 

f^=:,°- 

DMI.IM, 

K.T 

"ffi- 

fe 

-rA 

M 

is 

™ 

ti 

i 

-\ 

I 


idlUK  IncFCASe  of  lenKlh  •>('  upper  chonl  beyond 


OT^ 


f  nmct  longer  la  Iho  upper  chord  Ihno  [he  loner  one,  ithen  On  depth  nf 
I  i  at  Lhe  tiwii;  undlhe  cumber  5  ImI  Here  in  Ihe  l<ilile,iuiil  opposite^ 
*d  Ihu  oiuUillUer  LIS.    Tberctura,  6  im  X  l.li  =  6.IS  1"'.  Am.    If  tka 

g  IbB  ypper  uiiord. 

M^th  off  n  aintt,  or  obH^ne.  bd,  FIe  W,  murnBlUtiflia-tataiid 

QUBbet:  Hdd  a  a  and  jr  A  to^tJtrr  ant  ttw       0 
the  locrflWTcd  loDgtII  ot  upper  chord. gi»eb  to    'T 

«  Ibe  rlgh'-'^Elod  Iriimgle  a  fc  e,  In  whloh  hb 
Odase.lttwdvptliDftruM:}  snd  the  aide  a i^ 
baraHlKldihcHoattaelownrchDnl;  uldwl 
M"  tlia  pntlbB  ot  tbn  InoreaHd  Liaiath  at 

«Wli  af  Ihoaa  two  (iiUii)  >dd.^B  Lva  p^wrw 
UdCiAc  tlieai|.nofUKiiiDni.  Tlihiqrt.libc. 
riliullUOn.  Belchl(oi:)tif  triu>>iofthe 
I  ft,  «  KO  iua.    Ounbsr  6  Ini ;  ID  paiKia  moh 

r.  iUii  Sieiglil  beliigj^  of  tlie  iihd,  (lis  liicriMSa 

■f  ii|i|>er  Gburd  wUrbSHiuml  to  Uiec«iuber,  B  ini;  I 

will, tie  ^  =  -^  'ucti  tooKchpaDd;  or  ok  will  be  .d  inch  longer  than  en 

Id  <b.wltlaulilis.Z5incb     II*wre,  lalto  CI«hl.«Dgled  tdtuiglsaiCiVi 

>XU).a5Iiiii<uidac^»Mlni     beDco 

^(HJgi'or.lSrotaniuchl.boul'         I 

ftnt •"««* :  hiaiuIlMr'ii-.  T"''o«'l'":t"b, 

rtHd  u  llie  >U»  gf  Ibi  ebonU    r  >    u        ■  in     i-  ii.>:li! -Dan  ihipleoi 

udl;  lug  In  pIUB.    In  lU oue  ot  •  .rf  0    bli|uM  it  ir  m,  nnji  imr  lad  rtiaij  b 


JigSO 


Mii)r  »  tmu.  or  in  oUnr  wordi.  whan  patting  Ik  psrii  Ea»thn'  in 
■rpoWllnroi)  |liiiabntina|iU>ndpli>ra,iklodorH'»?r)iiiini{or/ii(ie-»i7]iii, 
benncMfUininUlnlnKthAiHrliinntll  the;  are  Joined  (cKelher  so  h  lo 
MBpl'ti^  leir-aiutaining  truia.    Dmfii  Ibo  Mir<  wurka  th<>  bnttom  chorda 

ll9«ane«iylBTel»aiiiTbe;  end  lb«  tor 

mrU  which  (out  !■""•'  '>.-  ""»  ■>■"!  ^n- 
t  at  5nl  placed  a 


^?3 


he  Eop  chorda  are  KmduaUy  "W.  .,- 

•  lDi:rta»d  length  gl>«n^  fliB  tov«gfA.«*»'*«i'W 


In    the    CUM  of  k  4 
■,    hrtilge.sfcci.  Wg6l.«r— ™ 

'"•    J*,  ei,  revohrLnft  on  ■  oH 


igth  ol 


*-Auf/-  of  th*  1 


/  bcred  upper  chord.  lrtli<>)>gtiH 


■ndi  eai<Ri><4  by  si^nMii 


Art.U.  For  very  ■bortBiHWi.tlicralled  P 

fci '»  of'i  n'iianTBnd  thr»a  Bi,  1  J-frwh  ana.  i^\  to  10  ft"' 

■linti.    Cue  milat  h 

ly  d'iji^  TQdBiuitnK  _    _    _  ^ 
,  n^h  H  ring  u  li  sbowo  it  14,  Ilgi  ^IJ^  patalSJ 

Ta  ppevent  au  overturning  tendenef  In  ■  vhole  tnoiWI 
nol-hlgli*iiuiigh  [ondrnttof  being  hopiiontallj  bracpdararhnnil.wnni^JB 

niot  apsn  tbe  croHglrdi^noFllir]  nuon  anrl  liwl  HgsLnat  ufttaer  adniagrll 
msoilraiii,  or  the  uiipor  obort,    Thoie  bracoB  or  tisa  in»jbo  pla«d  rittm'(l 

nwr-glntfn  may  be  IniKtbencd  oat  iTsw  recl'bByund  IbB  lower  chuid,  MM 
Sbb  All  41,  ofStrenKth  of  Mfltorrali,  (Br  other  Iron  beun  bridge  or  Mill  gtaM 
Or,  n  alnvl«  beitm  of  iroad  nnder  eiu^h  mll.f  and  annly 


■PUB.)  Iiiiil  actfti  tlio  nl)ua  al  liielirlilgo-Mat,  (gr  llioiJionla  tu  I'sat  utb 
■L.    rrsiiueallir  two  ire  uHiL  nt  ench  (.Uut.  eiin  In  aniall  tpani^  auil  w* 

Tbry  an  nut  uiuiraHiri])'  placsd  in  ctuiCiwt  witb  ewh  othui ;  but  bw;  b* 
pan,  Jf  Ttqglred- 

au  in  l^ljEfill^by  an  iron  lAr  e  4  d  ;  OEid  u  i:e]iti<T  pu»t  f.    In  l^ilncaau  ttia 

re^-enilH  of  Ihe  bora  are  anp^uwO  to  tiBLJpntt;  btit  ttldhraaan 


1 

Tvr  each  bram. 

1 

■s- 

-■S,:'.-' 

—Si'™- 

t 

iisil 

1« 

i 

thi.  ]jOh>. 


u  ahouid  U  at  rle).!  iuiKl,;a  In  Ih 


L  In  the  latter,  rbr  ^nsBine  bfaoxodalhn 
tUa  fool  dT  the  poet. 


IIowIdk  dlnaenalnna  Ibr  ■ln«l<ktnirk  Flnb  brldfca. 

'iwlll  S^e'cl  U  "f  "IB  "pan  ;  that  ths  p«d  ie  on  t"pi  that  Ihe  bars  aliull 
BEdnidrB  tban^OnuO  Bw,  or  lH'ai»P°r'^  !"''>>>  I'Bd'^rfi  weight  of  bridge 

xl  dT  engliie.  6  toni.    Ecrew  oniii  upieL 

Ions  n»r  one  trass  only,  ofn  sliiBte-track  FInb  bridge- 
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Ji« 
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is 

a 

mnid  nmniuDil  nol  U>  dlmlnlib  the  ueu  Id  [Ii«  lut  Ihni  ^ 

Mlowiiig  ™o,Biu»  IhBbUpin.  They  will  IhM  bu  nbunl  iii>  to  WUmCTtia 
fer  ™tlto»cl«;  and  wilt  alBoTia  sufficient  fi>p  briagoi.  for  i:cnmiiomniYOl,«»a| 
vMtliatUft  bvlvMn  the  two  tnunu ;  ubd  (woouuiJEftH>t|>i>llu.<iwk*lt4r 
■ddltlod.    A  wliilh  of  18  ft  1.  ueceuu^ror  ulluwing  two  onUiMPj  tAUiW^ 

B»n  piaoMH^iaaTijal'ta.    that,  la  h  ipan  ot  ■JDoU,  llu  400  w  IddIm  pr  bu±  itn 
-  ■dU»tarronrti«aaafAtHtDbtO"K  ■"■•rA'"'Vl*"k  plw4  aUf  b;  bUa  i  hU'tlu. 
YBiihBHDdaibffpDuxLlavlbHHnrKlabUquibii'i  (npvL  Ur  Uiii»fiaidkihqri(iHi 

A  almple  IraM  llhe  riff  «.  of  ao  ft  qmn,  ud  Id  ft  high,  n 
o<li"hjr;'^  r,ifl8r.10"l,ylU";une  n«l  ut  2^^  iJlBdi  i  or  l-»ordi 
•ndtnerBl  inclivs  lipun  tniDxnTwly  uf  Uie  bridge;  wbidi  !■  CV  belter  lb 

The  Pntlt  Irnw.  when  put  tAtmlhepiM  In  FIcBI)  aul      _ 

(oncept  tbc  «'N~  oi.li.iu™  I  w,  r  n,  tr,)  T>=lng  "f  uw  ple«,  ii  pvrliiiw  ^  •Wlfl 


TMble  of  ditniiiiBlonii  Iter  ■»>■■,  ■Inclv-triMb  PriHt  ti 

llelgl,!  riiiiu  ta|>  of  Iff  ^honl,  In  hniiinn  of  bnliiin  rlinnt.  f  at  tke  «E 

tHn.    iSacli'couDUr  ubUque  in  B  liuijle  uA  i»iMii>g  l^etoMin  the  oiiiliu 


K 

mi. 

■Sif 

-■ 

"■^i'^X-.' ' 

lu. 

M 

"■ 

if?^Z 

i'l^.' 

■ 

1 

Ii5!t 

lis 

ifSli 
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i 

1 

riv  Vb.  or  FIff  in,  wllbont  nnr  iip««lnl  <-... i.r.K... 'in 

«B«wnr  very  wi--ll  fur  i-pinn  of  ad  t.. «  ft.  The  huiglit  of  iri.BB.  miml.dr  of  imek^ 
UlB  of  ohord",  t^.  b^  Ihr  Hua  ua  io  the  preceding  tabic  f..r  J'rMl  W.M  Vt(M,()N| 
■he  »rr»ng<'n»"'"'ii"liuii*»nd  ftrJtofeMhbmool.i  OBept  thu  Ibe  biUi  If ■ 

The  rert  rod*,  v,  are  In  pulm;  tike  the  mniD^bnuv  rodn  of  tbe  PtsHlbAntl 

or  Uw  Pnlt.  The  notcvliMi  uT  the  lieada  nod  feot  into  thu  cUordii.  inajr  b>  Mtl?M 
daab.  Two  long  t|ilkHH«n^ may  t»  ueed  BtetcJi  beud  and  fuuL  At  i  libWDodMlH 

Bmr.  I.  h  nu  appm  atr^qn  that  w«-rtftf  h>  fl|  9  b.  ■■  TiHih  ipprvpvtele;  aftwBaihaidB 

br  Uluilruloi  lJi«  amB..lij  torBiopiortpiMM  aairr  no~li>i  loieT-.    gut  iipirlnm  B««S(n 


/><r  AuujfM,  /d  PtgJ3/.  pa|eT14,lhte(nT 


HratiAorE  puBI-lBiiEEb4,  IL  maj  m  dlipwvd  vu^ 
\a^»w» 


rwooden  itpeliCB,  Hllh  only  «  lower  rhord  i  or  Id  oihor  wnrili, 
■  vdiuuJoiie,  furiLiiiiKb-tnu^lirsilwHf.  Ibe  [IK  eT  IIm  Igwu  IK  oT  tlw  inti 
,o..dlol«ioflh=cl«r.p™. 

Ar™  of  sroh  of  ono      ''-"  "PBi  In  ft  +  SS 
ln,«  guly.  JD  <q  It,  =                 37.6. 

iwu&nlii;!.  lidu  lif  Hldti  orwilhiu  sny  abuut  ■  fuut  of  luiuli  iiibti. 

har  SpiLii.        1            Inches. 

CIcor  Epaa. 

lD.:h>«. 

SI! 

ZofloxU 

m<i 

2<ifnxM 

ttrobua  iiill  hu  suIUUId.  Tbs  nrrliru  ms^lfli  madu  of  plaulci  3  or  4  luilbicki 
B  liiria  tlic  curve;  and  wdl  balUil  loEFllier. 

llrsiMl  trauea  Ibr  4  It  B!j  loch  ptnre.  Hhonld  be  nt  leaat 
RfHtrl.  [u  liiE  clnr;  14  fi  !■  better,  tor  Istmlftahiliiy  In  lout;  tpui  tha 
from  DUI  io  Diit  .liDUld  nol  be  la,  thnn  about  -^'^  uf  cl<e  Epnu. 

laj-of  alleiullBn,  itaould  be  allowed  for  c1»riD|si(mal(c-Mi 


908  TBB8TLE8,  ^^H 

I3,lh>ni2nta30i  Fig  fi,  fmm  30  to  40 ;  Fig6.  Itom  40  In  BO:  uiwrtml 
ga.  ThHwaKHuf  L».urM.iKlaiiti.f  LurayincrfifliMiiunB.  Tlie;  >»  ojlin 
an  bailEB  ant  iiqmlly  fiuppurtud  bj  bfupg  uf  mvfOTiry.  M  la  l]i«  fira;  1D| 

V  s,  s^^lgi'  1  to  9.  u  showu  ■!  >i  QiideF  Kl^  I  ajid'o.  ^dll  Miiwer.  BU  Bill 

in  rowi  of  Ihpm ;  or  Ihree  rows,  u  nndtr  F)g  7  :  and  as  Htm  In  B^l 
111  Tiew  or  figl,  FlgiT  kihI  » Imriiineb  n*einbhiDi»«>lt»1na 
l]h  muonry  buea M ft  hlich,  (S.  Bejriuour,  0.  K.,)  whlchcunrliu 
g  B  B  (uniag  Ihs  Geosm  rlnr  >t  Portava.  Then  null  tmic  kna  Hi 
la  iqnare  at  ili  bale;  and  IB  pMta  of  13  X  1^  »■  'la  lop.  Tba  otfaal' tUi 
.X  1^;  °»nj  i>r  ll»[n  are  is  pun,  rinbncJpg  tba  ihhis,    Frcqiuiiitly  Uu 

In  ng  4.  Che  puslao,  a,  a.  arosnd  liawa  of  [tirne  Iraallai  or  UDntii  »H)I  I 
M'llaMdlig  brscuexlsndlngfraiD  trsBIte  to  Irntlo ;  the  twoDutsronHIl 

ithe  apccof  ooa  iraalla;  and  th^r  raet  to  thosJlL  y  voT  tbe  a«l  OWl 
u  all  be  apiked  or  )»>1I«d  to  tht  p«U  Ifaenai^lTus,  as  Ju  Fl«  4.  Tba  lartla' 

)c^  bracing  1>  tin  fn-quantlj  oiDiltud.    During  tbe  pamgu  nf  Iraiu  HH^ 


lOTMilhon  notleai  than  about  10  XT'-  TIlB  duig  brarfng  maj  gamtiiljy 
Tldeai  the  poata^  anil  hair  aa  (hick.    Tbadlat  apart  of  tha  bmta,  vlian  < 

nnda-  But  [TtiiaaebaBniiirocieiTaaappaTl  iyambrar«a  banaatb,  lLkaii,J 
n  iron  tr>i«  roda,  u  at  n«  S^  pago  301 ;  tbe  dlit  may  ba  oiUnM 
nmon  ft.  Bui  wlion  [he  traaHaa  becomaiatj  liigh,aort  coptaiu  ikgim 
Inr,  It  beoomua  ch^nper  Co  plaoe  Xiieia  Tartliei-  apart,  lay  ^  to  SO  faat  i  aa< 
nUlny  DpDu  regolAT  fmnad  CroHBa,  aa  Av  v,  PigaTand  Si  aa  Ili  a  bri 


(pleca  la  Europe.  At  thsCrunlliii  IroD -viltduct.  (apana  ln»n,)  the;  an  i 
:  hlgbj  ao  by  27  ft  a(  baae;  BO  bjr  IB  at  top;  cash  campuanl  oT  14  «iM 
angad  aa  a  longhaiagnDi  aach  pont  being ^>riQ'Ml  ttf  ITU  langthaoTlKq 
iBter  dbini.  by  1  Inah  tbiek.  At  each  II  ft  Ipiiglh,  tho  pipes  are  flnntjr  ( 
bar  Iron  piocns;  and  betWBSD  these  dlff  stages  la  diag  bnwlngot  4X4; 
„led  T  iron,  utniBBarl  aa  In  tig  7. 

7ha  r*lleal  Phmnlx  anlnmn,  Flgl^i  of  page  133,  has  lately  1 
^  tiHtlBa,  and  1i  whII  adapted  to  the  purpose  a  Jh  nanAy  ground,  vAIp 
i¥an  tfl  support  the  tree  ties;  or  maybe  iftt  ao  for  ahove  groond,  aa  tjian 
aatltble  tun  poata..  Sneh  treatlos  may  often  be  used  blTantagfODaly,  ai 

Dfldiyem  a  aresi  lUiL  Etad  itasaaftrLb  sad  tlBbar  sn*qUBlly  oonranlHiit,  tbey  vWa 

,        aeB^ntor  boi  t*o  4.iircivDiinlDiqBa,  sboallri  BpartBt  mp:  bdh]  nab  spnadint  aaH 
Jiinm^pir  RM  of  htiMX.  [owari  (tas  basa.    s™a  nrihualHi  colnmu  lalaTaor  line 


STONEWOKK. 
Risbt  ot  powdeF  In  oue  foot  depth  of  hole. 


lolcfi  for  blasifUB'.    This  1 


uniill;  Bboul  1^  loii  d'utB,  snil  B  to  8  h  loni;:  wlili  h  nitel  cuttlDi 
(Mae  HtHiut  lift,  iinij  B  little  midiir  Oaa  tbe  dlam  uf  Ibe  I v.lnvldiia 

'BBarly  3  ^i  dlnm,  <n  a  daf  i^  10  »orkm,i:  hnnra,  drpi^ndlng  on  IM 

IS  rmlc.    Vroo  7  to  e  It  »r  hol«  lk  ins  dtein,  fn  uliutit  ■  fjiir  ^j-t 

cumpact  H[|]ceDuB  Umntcne:  bloTft  En  tough  con'- 

quartz^  8  to  9  En  ordkn«rr  tnerlrl*  ot-1ini»toue;^1a- 

. . jr,  may  tory  VHhEDMU'FhFMlEinLIB.    Wlirn  tbe  bola 

»liDut  4  ft  deep,  two  ]P<'11  are  ptil  td  tho  drill,    jlrttaian,  Hud  <^  woUl 
wred  on  lbs  principle  of  the  cbnrn-drlll. 

MlHKMi^dM  ikt  DhuniHlrill  rn^m  lunnlul  dIniUan,  »  UiliMU]iUKiiiai  BmlM, 
.-I  i-iitDgil  atiDLit  anti  II  u  IB  Idebu  daplk  dfholt;  ml  »i  •Ear  i«  U( 


n  dim,  ud  e  n  top  per  bur.'dtpudlai  MI  m.  il 

Ja'™i7.nd 

•rmVjMr, 

oCIea 

areriK" 

5!'.!s;s,?!'.sr..C'.sr. 

Sn.'SSS' 

?:p.'J^ 

prock! 

Mlfiii^  the  nee 

ei«nrj  tools,  tmcks.  crei.?., 

ic;lhelol» 

iiKi  for 

■M  thB  roDfth 

Btone  fur  nnuunry,  par  culi 

ard.r.'ady(b 

tMdllyll 

■Mjta 

rSBiri.ttft 

bos:  St«t»8  or  eoeb  ■lu.  . 

ntiDBt  H9  iDuoh  as  Ihm  Vj  t 

UtbeMly 

winfiiiof 

qOBOy 

ife^E 

rsB^ng  from  M  to  1  ™b  2^  «i&/?'J'V 
-nil  Tii.    Liirpv  MOnei.  nmglng  iWan  1  tn  1 

bj  blaalE 

g.lhun 
luhjn 

n; list  t«  dime  b»  WEliKe*.  En 

order  IliM  Ih 

,■   iiiKhfor  inmltu.    Uiide 

nm  to  <IEp 

lated  dim 

>i>Bloini 

l^lZ^t 

owfor  H 

.".a 

■  1...  com  of  gmnlM  1,  tbut 

will  he  ?i 

»ih>i 

rides  for™ 

.d.t»ne; 

iiMt<.';aiidiiUaiitfi>lcrorIini 

■:  HloBe.    In  tli>'  flrst  pU 

owiA'** 

t.«.«t<«i°. 

l"  o/ nearly  the  ri-qutred 

A^aV..'A 

jSHH 

idj^'"^" 

eubjuYasacVilim* 

'an 

blullng,  rromijeaK7<II  not  b?  (oa  norh  for  itone  of  mnUtim  eh 
f»r  M  poBsible,  m  lb»  quarry  ^  Id  ardor  (piJIiDlDiah  thucottuf  truMport 


nanliOnHr  to  be  tioOiifiriUxaf  SwurhipghoqrB;  Bnd$i>U  font 
monapaly  at  qanrrles  unecu  prices  very  much .• 

CmI  of  iwlilHr  IhcIdk  maBonrj.    Annge  kite  of  ths  ■ 
long, an  wide. Hiid  1.4  lliiok;  or  iwnjuch  alon«  to  scab  jd.    TU«n,i 


tr<ii  ine.^gnnlna  sue,  lb>  tuimht  r"fmalt  wM  inBt*  «  aUiMKlHtai 

SiH  amca  BuiH^;  m  "Ben  wrrlril  ia  ■mn.  Is  ba  ilanuluO  In  met^MhA 
ne  nrlpiEHDtigirulDsnlU^liiimnlleililH.  whtat>  unilhe  IHI  u  aJriBH 


Commnn  rabble  of  Btnall  otanes,  tbe  Bvangii  alubatt 

""ill  Xw'tur  ™M.'^J''lf.MI.  '  h"mi1qj5  I°i3ir^00."lt  anlw  mi 
■Bdlald.nirS'.'JOinnret  morUr  u  rareKolng.IlM,  ToUiCnntceel.l 
'llwrUproHl,  K.lu.  i><IJM.iitoiie>iius«yeir  IiiW.    Bee  p63U. 


/'.if  Pl)H«d.'SilU'«line  t**»l»S'po"»»I*-    M**™""^ 


STONEWORK.  313 

I  ill  SniAller  StOneil,  ra«h  u  one  man  flan  handle,  wo  mar  nar,  Rtone  70  ott;  hanllng  f  1 ; 
;  aadeeaflEold.  toola  fto,  $1:  morur  $IM.  Making  the  neat  coxt  $4.20;  or  with  15  per  ot  profit,  $4.83. 
MbMed  irregnlar  range- work  eoata  from  $2  to  $s  more  per  yd  than  rubble:  acoording  to  the  charao- 
4m  ■lone  Ao.  The  layingof  thin  walls  ooats  more  than  that  of  thick  ones,  such  aa  abatmenta  &c.* 

ie  cOMt  of  plain  8  incb  thick  ashlar  facinars  for  dwellings  Ac  in 

U|  in  1873.  in  ahont  aa  fbHow*  per  square  fiwt  showing,  pot  up,  including  everything.    Sand- 
fly to  $2.:a.    Pennsylvania  marble,  $2.&0.    New  England  marblo.  $2.75  to  $.S.25.    Granite, 

tots.75.    ire  ins  thick,  deduct  ono^ighth  part.   Flrst  cla^«  artificial  stone 

be  made  and  put  up  at  one-third  the  prioe.    See  p  508.    North  Kl  VCr  blllC  fit  One 

Vy  S  Ins  thlek.  for  footwalks,  put  down,  inoloding  gravel  &c,  70  eta  per  sq  foot.  Bclg^lau 
tCf  pavement,  with  gravel,  complete,  $3.50  per  sq  yard. 

len  dressed  ashlar  facing  is  backed  by  nibble,  the  expense  per  cnb  yard  of  the 
e  mass  will  of  coiirde  vary  according  to  the  proportions  of  the  two.  Thus,  if 
X  at  $12  per  yd,  is  backed  by  an  equal  thickness  of  rubble  at  $5,  the  mean  cost 

be    ^ —  s  $8.50 ;  or,  if  the  rubble  bo  twice  as  thick  as  the  ashlar,  then 

Z^±3^  =  $7.83;  Ac. 
8 

imes  the  contractor  must  be  allowed  his  extra  expense  In  opening  new  auarries ;  in  forming 
roads  to  his  work  ;  in  digging  foundations ;  or  for  pumping  or  otherwise  draining  them,  when 
;s  are  unexpectedly  met  with  ;  for  the  centers  for  arches,  &o;  unless  these  itenu  are  expressly 
ed  in  the  oontraot  per  cub  yd.  ' 

—      ^    e    ^ 


FOUNDATIONS. 


roLum  might  be  occupie<1  by  this  important  subject  alone.  We  haye  space  for 
a  few  general  hints ;  leaving  it  to  the  student  to  determine  how  far  they  may 
tplicable  in  any  given  case.  In  ordinary  cases,  as  in  culverts,  retaining  walls, 
'  excavations,  or  wells,  Ac,  in  the  vicinity,  have  not  already  proved  that  the  soil 
iable  to  a  considerable  depth,  it  will  usually  be  a  suflBcient  precaution,  after 
ig  dug  and  levelled  off  the  foundation  pits  or  trenches  to  a  depth  of  3  to  5  ft,  to 
t  by  an  iron  rod,  or  a  pumivaugur ;  or  to  sink  holes,  in  a  few  spots,  to  the  depth 
:a8  ft  farther;  (dei>endiiig  upon  the  weight  of  the  intended  structure :)  to  ascer- 
ff  the  soil  continues  firm  to  that  distance.  If  it  does,  there  will  rarely  1>e  any 
in  proceeding  at  once  with  the  masonry ;  because  a  stratum  of  firm  soil,  from  4 
ft  tJiick,  will  be  safe  for  almost  any  ordinary  structure;  even  though  it  should 
iderliud  by  a  much  softer  stratum.  If,  however,  the  firm  upper  stratum  is  ex- 
1  to  running  water,  as  in  the  case  of  a  l>ridge-i>ier  in  a  river,  cure  must  he  taken 
Bserve  it  frum  gradually  washing  away;  or  from  becoming  loosened  and  broken 
J  violent  fre;ihots ;  especially  if  they  bring  down  heavy  masses  of  ice,  tn-es,  and 
r  floating  matter.  These  are  sometimes  arrested  by  piers,  and  accumulate  so  as 
rm  daihr  extending  to  the  bottom  of  the  stream ;  thus  creating  an  increase  of 
rity,  and  of  scouring  action,  that  is  very  dangerous  to  the  stability  both  uf  the 
)in  and  of  the  structure.  When  the  testing  has  to  be  made  to  a  considerable 
h,  it  may  be  necessary  to  drive  down  a  tube  of  either  wrought  or  cast  iron,  to 
ent  the  soil  from  falling  into  the  unfinished  hole.  If  necessary,  this  tube  may 
I  short  lengths,  c<muected  by  screw  joints,  for  convenience  of  driving;  and  the 
1  inside  of  it  may  be  removed  by  a  small  scoop  with  a  long  handle.f 
Mrlnni  In  common  SOlUl  or  day  may  be  made  100  ft  deep  in  a  day  or  two  by  « 
M  wood  augur  1^  inn  diam,  turned  by  two  to  four  men  with  3  ft  levers.  This  will  bring  up 
lllb    TlM  iron  of  the  jointed  rod  should  be  of  best  quality. 

Starting  the  masonry,  the  largest  stones  should  of  course  be  placed  at  the  hot- 
ti  the  pit,  so  as  to  equalize  the  pressure  as  murh  as  possible;  and  care  should 
ken  to  bed  them  solidly  in  the  soil,  so  as  to  have  no  rocking  tendency.  The 
few  conrses  at  h.'ast  should  be  of  large  stones,  so  laid  as  to  break  Joint  thoroughly 
flumt  Ix'low.    Tlie  trenches  should  bo  refilled  with  earth  as  soon  as  the  masonry 

Kmit;  so  as  to  exclude  rain,  which  would  injure  the  mortar,  and  soften  the 
Ion.  It  is  well  to  mm  or  tread  the  earth  to  some  extent  as  it  is  being  deposited. 
!l»  tests  show  that  the  soil  (not  exposed  to  running  water)  is  too  soft  to  support 
uwonry,  then  the  pits  should  be  made  considerably  wider  and  deeper;  and  after- 
be  llied  to  their  entire  width,  and  to  a  depth  of  fmm  3  to  6  or  more  ft.  (de- 
ng  on  the  weight  to  be  sustained.)  with  rammed  or  rolled  layers  of  sand,  gravel, 
>ne  broken  to  turnpike  size ;  or  with  concrete  in  which  there  is  a  good  propor- 
tf  eemmt.  On  this  deposit  the  masonry  may  be  started.  The  common  practice 
ill  mum,  of  laying  planke  or  wooden  platforms  in  the  foundations,  for  building 

THIiila  la  tWi.  Mttmr  and  «tkar  walls  of  rough  ruhb\e,  1^  to  $r>  vot  v«v«>v  ot  A  «vik  1^^4>k^> 
I  ■■Bi  with  a  Aflttaf  ofbrokea  range  rook -work  of  landstouc,  ^&a  commoikVik  Qo^mn  «K«rab»»o 
tftrStoub  A.  Ia^udlmg.ererjtbiiig.  .^.  .   ^^ 

mmuma  amreiw  in  liiaeecoae  regions  are  a  ftreanent  aoxiToe  ot  ItoxjWV*,  uv.\»»'^  "^wu^  vw 
9  mimpi_prremmUoua. 
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npon,  iB  a  very  bad  one.  For  if  the  planks  are  not  oonBtantly  Yept  thoRN 
tbey  will  decay  in  a  few  years ;  cansiiig  cracks  and  settlements  in  the  vm 
Some  portions  of  the  circular  brick  a^iueduct  for  supplying  Boston  « 
gave  a  groat  deal  of  trouble  where  its  trenches  passed  through  running  q 
and  other  treacherous  soils.  Ck>ncrete  was  tried,  but  the  wet  quicksand  m 
with  it,  and  kHUU  it.  Wooden  cradles,  Ac,  also  failed ;  and  the  dUficulty 
overcome  by  simply  depositing  in  the  trenches  about  two  fbet  in  deptli 
gravel.*  Sand  or  gravel,  when  prevmted  frnrn  spreading  ndeuMyx^  fotms 
beet  of  foundations.  To  prevent  this  spreading,  the  area  to  be  built  on  b 
rounded  by  a  wall;  or  by  squared  piles  driven  so  close  as  to  touch  eadi  O' 
less  important  cases,  by  short  nheet  piles  only.  But  generally  it  is  sdBci 
tu  give  the  trenches  a  good  width ;  and  to  ram  the  sand  or  gravel  (which 
better  if  wet)  iu  layers;  taking  care  to  compact  it  well  against'the  sidtMfA 
also.  Under  heavy  loads,  some  settlement  will  of  course  take  place,  as 
in  all  foundations  except  rock.    If  very  heavy,  adopt  piling,  Ac. 

Wben  an  unreliable  soil  overlieR  a  firm  one«  but  at  si 

tlutt  the  excavation  of  the  trenches  (which  then  must  evidently  be  mn< 
well  as  deeiier.)  becomes  too  troublesome,  and  expensive ;  especially  whei 
ally  hai^ns  in  that  case)  water  percolates  rapidly  into  the  trenches  (h>m  t 
Btrata,  we  may  resort  to  piles.  See  **  Filing."  'When  making  deep  fonn- 
in  damp  clay,  it  mu^t  be  remembered  that  this  material,  being  soft,  has, 
degree,  a  tendency  to  press  iu  every  direction,  like  water.  This  causes 
inwara  at  the  sides ;  and  upward  at  the  bottom.  The  excavations  for  tui 
vertical  sliafts,  often  close  in  all  around,  and  become  much  contracted  tlH 
they  caa  be  liiicd;  therefore  they  should  be  dug  larger  than  would  othei 
cessaiy.  The  bottoms  of  canal  and  railroad  excavations  in  moist  clay  an 
preased  upward  by  the  weight  of  the  sides.  Dry  clay  also  rapidly  absorl 
from  the  air,  and  swells,  producing  effects  similar  to  the  foregoing.  Iti 
is  attended  by  great  presoure:  so  that  retaining^walls  backed  with  dry  n 
will  be  in  danger  of  bulging  if  the  clay  should  become  wet.  It  is  a  treac 
torial  to  work  in.    For  concrete  foundations.  See  p  507. 

Fig  1  shows  an  easy  mode  of  obtaining  a  foundation  in  certain  cases 

'*  pier  re  penlne"  (los 
the  French;  in  English,  *' 
Stone,*'  or  random  work. 

It  it  merely  %  deposit  of  rough  a 

Ftnne  thrown  into  the  water;  tlu 

1)eing  at  the  outwide,  to  resist  dial 

frcihets,  ice.  floating  treen,  fto.    A 

terlor  may  be  of  uniall  quarry  cbl 

gravel,  sand,  clay.  &c.    When  the 

rcKular  rock,  this  prooe^a  aares  t 

levelling  it  off  to  receive  the  maso 

3  feet  below  the  surface  of  the  wai 

may  generaUy  be  diaposed  by  hand  so  as  to  lie  close  and  firralv.    flmall  spawls  packet 

larger  ones  will  make  the  work  smoother,  and  less  liable  to  be  displaced  by  violence 

ebains  may  at  times  be  aseful  for  oounecting  several  of  tho  large  stones  together  for  gn 

If  the  bottom  is  so  yielclinfr  as  to  be  liable  to  was! 

freshets,  it  may,  in  addition,  bo  protected,  as  in  Fig :!,  by  a  covering  of  th 

of  stones,  as  t 
ing  all  aroun 
ture.  Or  th 
of  stones  ma 
edas  perdoti 
so  that  if 
should  wash 
dotted  line 
stones  d  wi 
the  cavity,  a 
vent  furtht 
Sheet-piles, 

driven  as  an  additional  precantion.  For  greater  security,  the  bed  of  th 
be  dredged  or  scooped  under  the  entire  sjiace  to  be  covered  by  the  mail 
per  dotted  lines  in  Fig  3,  to  as  great  a  depth  as  any  scouring  would  be  s 

*Saeatoa  menclons  a  stone  bridge  bulk  upon  «l  navuriLX  \)c<^  oT  9,t«.n«V  qviI^  about  2 

tjriog  deep  mud  no  eoft  that  an  iron  bar  40  ft  \onf  bmxIi  vo  v\\«  VitaA  V\  \v*  q^m^h^V^ 

piers,  however,  nnk  while  the  arahes  wer»  l«\tJt  XtttneA;  m^A  ■««*  t«&\Ax^\ss  %aw) 

•  ZJHi^^'^  precedent  tbr  bridge. balldlDi.  thia  •MmpVa»w*TW»w «i«^iw«*»m 

'fwrnU-eompmoted  grmveL  ^"y 
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also  to  l>e  filled  with  stone.    Snch  foundations  are  eyidently  best 
t  water.    The  masonry  should  rest  on  a  strong  platform. 

of  stone,  as  in  these 
Inorease  the  relocitji 
sjotion  of  the  stream 
daily  in  frexhetn ;  an* 
each  side  ftom  the  de- 
rat  to  sach  an  extent 
.rea  of  water  shall  not 
bottom  is  treacberons, 
;  before  depositing  the 
Fig  2.  Jadfrment  and 
issary  In  such  matters, 
ineetied  with  engineer- 
irill  not  gnanl  against 

Theory  and  practice 
her. 

*  Rimple  method;  and 
rente  too  vrent  an  r»b- 
riffation  of  the  Mtream,  or  to  the  escape  of  its  waters  in  time  of  high  flwiliels.  f»  a 

Here  thu  piles  are  flnt  driven  into  tbe  river  bottom,  for  the  support  of  the  pier; 
stone  in  thrown  in,  for  the  snpport  and  protection  of  the  piles;  preTentio/^  them 
r  their  loads ;  and  shielding  them  from  blows  from  floating  bodies.  '  The  tep«  of 
off  to  a  level,  a  strong  platform  of  timber  is  laid  on  top  of  them,  as  a  base  for  tbe 
>  of  the  platform  shoald  not  he  less  than  aboat  12  or  18  ins  below  ordiiMry  low 
lecav.  Mitchell's  iron  screw  pile;  or  hollow  piles  of  cast  iron,  may  be  nsed  instead 
lee  l*iiJiio,  p.  320. 

lent  a  conyenient  method  of  estahlishing  a  foundation  in  wat^r,  hj 
fiber  crib,  A  A,  wiiliont  a  bottom.    It  should  be  built  of 

I,  notch- 

t    their  i  | 

lown  at  r'  '  '  1 

h  being  

I  of  tlie 
means 
upport- 
M  entire 
le  below 
pulling 
18.  Bolts 
1  at  the 
it  least 
he  crib, 
portion 
tted  off 
r.  Tlie 
ied  into 
angular 
4  or  5  ft 
■ding  to 
ts  of  the 
.rtitions 
ells  are 
in  the 
18  those 
le  cribs; 
ly,  lilce 
n   solid 


fhtmed  afloat,  at  any  convenient  spot ;  and  when  finished,  may  be  towed  to  its 
it  is  carefully  moored  in  position,  and  then  sunk  by  throwing  stune  into  a  few 
I  platforms,  as  at  g  c.  for  that  purpose.  These  platforms  shoald  be  placed  a  little 
ge  of  the  cells,  so  as  not  to  prevent  the  crib  from  settling  slightly  into  the  soil,  and 
ill  bearing  upon  the  bottom.  After  it  has  been  sunk,  all  the  cells  are  filled  with 
ut  top  platform  may  bo  added  or  not,  as  the  case  may  be ;  also,  a  protection,  1 1,  of 
revent  uudermining  by  the  current.  If  the  sides  are  exposed  to  abrasion  from 
)e  covered  in  whole  or  in  part  with  pinnk.  or  plate  iron  ;  and  the  angles  strength- 
I,  ftc.  In  deep  water,  a  foundatloa  may  be  made  partly  of  random  stone,  as  in 
d  top  of  this  may  be  sunk  a  crib,  with  its  top  abont  2  ft  under  low  water,  as  a  bas« 
This  is  mneb  safer  than  random  fctone  alone. 

ron  hridffe  aeross  th«  Selmyllilll  «t  dkcmVaw^^ik^^ 

Ickland  KncoBSf  Engineer^  afTorda  a  striMng  exwnvv^e  ^'^  ^'^  \wwv^v> 
•pier  stands  on  a  crib,  an  oblong  octaeou  \ti  \>\ftTV,  ^\V!  ^^  ^*"'"'^' 
t  top;  and  (with  ita  platform)  29  ft  Mgh.  Ita  \\iu\»»  »x«»  <A  ^s^^ 
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pine,  hewn  12  ins  'sqnare ;  and  framed  as  at  Fig  5.  The  lower  timben  tren* 
cut  or  scribed  to  conform  to  tiie  irregularities  of  the  tolerably  level  rockniM 
it  rests.  These  were  ancertained  (after  the  8  ft  depth  of  gravel  had  bwa 
k9  )  in  the  usual  manner  of  mooring  above  the  site  a  large  floating  woudBH] 
composed  of  timbers  corresponding  in  position  with  all  those  of  the  lowttrt 
the  intended  crib,  both  longitudinal  and  transverse.  Soundings  were  tb 
close  togetlier  along  all  these  lines  of  timber.  Most  of  the  cells  are  about 
on  a  side,  in  the  clear.  A  few  of  them  had  platforms  at  the  level  oi  tib 
course  from  the  bottom,  for  receiving  stone  for  sinking  the  crib ;  the  othen 
to  the  bottom. 

Tbe  orib  was  bailt  In  the  water ;  and  was  kept  floating,  daring  Its  eonatraotion.  with  hi 
t4>p  euntlaually  Just  above  water,  bj  gradually  loadlug  it  with  more  stone  as  uewttiubeni 
The  stone  required  for  this  purpose  alone  waH  300  tons.  When  the  crib  was  towed  ioio  pi 
moored,  150  tons  more  were  added  for  sinking  it.  All  the  cells  were  afterward  filled  wlia 
Rtoue,  and  coarxe  gravel  screenings ;  making  a  total  of  1666  tons.  A  platform  of  12  bv  IS  li 
timber  covered  the  whole :  its  top  being  '2i4  ft  below  low  water.  The  pier  aloue,  which  sti 
erib,  weighs  .H235  tons ;  and  during  its  construction  it  compressed  tbe  crib  6>^  ios.  Th 
•vperstructure  resting  on  the  pier,  may  be  roughly  taken  at  1000  tons  more. 

An  ordinary  caltMon  is  merely  a  stronfr  scow,  or  a  bos 

a  lid ;  and  with  sides  which  may  at  pleasure  be  readily  detached  from  its  In 
is  bnilt  on  land,  and  then  launched.  The  masonry  may  first  be  built  in  It 
whole  or  in  part,  while  afloat;  and  the  wliole  being  then  towed  into  I 
moored,  maty  be  sunk  to  the  bottom  of  the  river,  to  rest  upon  a  foundation  j 
prepared  for  it.  either  by  piling,  if  necessary ;  or  by  merely  levelling  off  tn 
8ur&ce,  &c.    The  bottom  of  the  caisson  constitutes  a  strong  timber  platfc 

which  the  masonry  rests;  au 

c  raingcd,  that  after  it  is  suok, 

'  may  be  detached  from  it,  and 

to  be  rebottomed  for  use  a' 

pier,  if  needed.    This  detacliii 

eflected  by  some  such  conti 

that  shown  in  Fig  6,whei*e  P 

bottom  of  the  caisson,  to  v 

firmly  attached  at  intervals  si 

eyes  t;   which  are   taken  hi 

hooks  df,  at  the  lower  end  of 

£  n,  reaching  to  the  top  tin: 

the  crib,  where  they  are  co 

screw  nuts  v.   By  loosening  t 

the  hooks  d  can  be  detached 

eyes  t ;  and  the  sides  can  th 

moved  from  the  bottom;  tli 

no  other  connection  between  the  two.   These  hooks  and  eyes  are  usually  p 

side  of  the  caisson ;  the  screw  nuts  n  being  sustained  by  the  projecting  en 

pieces,  antt^  Fig  ^.    Tiie  improper  position  given  them  in  our  Fig  was  i 

convenience  of  illnstmting  the  principle.    It  will  sometimes  be  nccessai 

one  side  detachable  from  the  others,  in  order  to  float  the  caisson  away  cleai 

finished  pier;  unless  it  bo  floated  away  before  the  masonry  has  been  built 

to  render  the  precaution  useless.    Fig  6  sho)vs  one  of  many  ways  of  cons 

caisson ;  witli  sides  consisting  of  upright  corner-posts,  1 ;  cap  pieces  S,  on 

sills  jQf  at  bottom,  resting  on  the  bottom  platform  l*Pw;  intermediate  u 

framed  into  the  caps  and  sills;  the  whole  being  covered  outt«ide  by  one  or  ' 

nesses  of  planking  B,  which,  as  well  as  the  platform,  should  l»e  well  calke 

vent  leaking.    Tarpaulin  also  may  be  nailed  outside  to  assist  in  this.    Th 

trouble  from  leaking  is  where  the  sides  join  the  platform.    On  top  of  the  p 

firmly  spiked  a  timber  on,  extending  all  around  it  Just  inside  of  the  in 

edge  of  the  sides  of  the  caisson.    Its  use  is  to  prevent  the  sides  from  bo 

inward  by  the  pressure  of  the  water  outside.     The  details  of  constru 

of  course  vary  with  the  requirements  of  the  case.    In  deep  caissons,  ini 

braces  or  struts  from  side  to  side,  as  at  cc,  Fig  7,  will  be  required  to  pi 

sides  from  being  forced  inward  by  the  pressure  of  the  water,  as  the  vessel 

sinks  while  the  masonry  is  being  built  within  it.    As  the  masonry  is  carri 

struts  are  removed :  and  short  ones,  extending  from  the  sides  of  the  caiss 

masonry,  are  inserted  in  their  place.    When  the  caisson  is  shallow,  only 

coiirne  of  bncea  will  be  required;  they  also  support  a  platform  for  the 

Had  their  materi&la.    In  deep  caissons,  \u  ovAet  \\ot  to  \\ft  In  the  way  of  th 

tJje  outer  planking  of  the  sides  may,  \u  part.  Y>«  ftTwVvwWs  \$mVi\.w^  wk  >iNM 

progreeaeti.    It  niay  sometimes  be  expeiUeut  to  \>wV\^  tYv*  xa»»o\«^  \vc>>\' 

^/th  thin  transverse  walls  Inside  to  stiffen  \t\t  u«cfc%«»x^  \  wv^  X»  <»\Kft\ 

Jor  after  aiaking  the  cuiwon.    Ind©«d,  maaout^f  ot  Y>x\Oksi«V, Va  w»« 
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loir  at  flnt,  resting:  on  the  platform ;  the  masonry  itself  forming;  the  sides 
on.  Or  the  sides  may  consist  of  a  WHter*tight  casing  of  iron,  or  wood,  of 
f  the  intended  pier,  Ac.  This  casing  being  confined  to  the  platform,  be- 
tct,  a  mould,  in  which  the  pier  may  be  formed,  and  sunk  at  the  same  time 
with  hydraulic  concrete. 

r  roek  bettom.  the  ander  timben  of  the  platform  may  be  eat  to  salt  the  Irregolarftie*. 
ted  under  **  Orib«."  Or  the  bottom  mmj  be  levelled  op  by  firat  depositing  large  etonea 
es  upon  which  the  oaiswn  ia  to  rest ;  and  then  filling  between  these  with  smaller  stonea 
sating  the  depUt  by  sounding.  Or  a  lerel  bed  of  cement  eonerete  may,  with  care,  be 
he  water.  If  there  are  deep  narrow  crevices  in  the  rock,  tbrongh  which  the  concrete 
bey  may  be  first  covered  with  tarpanlin.  Diving  bells  may  often  be  need  to  advantage, 
erations.  But  in  the  case  of  very  irregular  rock,  it  will  often  be  better  to  resort  to  eof« 
le  draft  of  a  caitison  (the  depth  of  water  which  it  draws)  whether  empty  or  loade^  ean 
jrt  19  of  page  984.  Talves  for  the  admission  of  water  for  sinking  the>caisson  are 

roduoed.  If,  after  sinking,  it  should  be  necessary  to  again  raise  tbe  whole,  it  Is  only 
lose  tbe  valves,  and  pump  out  tbe  water.  Guide  piles  may  be  driven  and  braeed  along* 
R«on.  to  insure  its  sinking  vertically,  and  at  the  proper  spot.  Or  it  may  be  low^cd  by 
ted  by  strong  temporary  ftamework. 

be  uprights  I,  T,  Ao.  Fig  6.  to  be  suflloiently  braeed,  u  at  ee.  Fig  7,  the  following  table 
thickness  of  planking  necessary  for  different  distanoee  apart  of  the  uprights,  (in  the 
,re  a  safety  of  six  against  tbe  pressure  of  the  water  at  different  depths ;  and  at  the 

;  to  bend  inward  under  said  pressure,  more  than  xi'TT  P*"^  ^^  '^®  distance  to  which 
Vom  upright,  to  upright ;  or  at  the  rate  of  }i  inch  In  10  ft  stretch ;  H  iocb  in  6  ft,  to, 
nay  be  of  use  in  other  matters. 

'  tblcfcnefls  of  wMte  pine  plank  re^inlred  not  to  bend 
;lian  ^J-^  part  of  its  clear  horlaontal  Atreteli,  under 
nt  beadM  of  water.    (Original.) 
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dams  are  enclosures  from  which  the  water  may  be  pumped  out,  so  em 
e  work  to  be  done  in  the  open  air.  Their  construction  of  course  varies 
a  still  shallow  water,  a  mere  well-built  bank  of  clay  and  gravel;  or  of 
r  filled  with  those  materials  when  there  is  much  current,  will  answer 
ise ;  or  (depending  on  the  doptli )  a  single  or  double  row  of  sheet-piles ;  or  of 
es  of  larger  dimensions,  diiven  touching  each  other;  their  lower  ends  it 
the  soil ;  and  their  upper  cues  a  little  above  high  water,  and  protected 
heaps  of  gravelly,  soil  or  puddle,  (as  at  P  in  Fig  7,)  to  prevent  leaking, 
liles  may  be  of  wood;  or  of  cast  iron,  of  a  strong  form. 

illieiency  of  a  mere  bank  of  well-packed  earth  in  still 
town  by  the  embankmeuts  or  levees,  thrown  up  in  all  countries,  to  pre- 
from  overflowing  adjacent  low  lands.    The  general  average  of  the  levees 
liles  of  the  Mississippi,  ia  about  6  ft  high ;  only  3  ft  wide  on  top ;  side- 
o  1.    In  floods  the  river  rises  to  within  a  foot  or  less  of  their  tops ;  and 
bursts  through  them, doing  immense  damage.  They  are  entirely  too  slight, 
lod  of  a  single  row  of  12  by  12  inch  squared  piles,  driven  in  contact  with 
(close  piUs^  and  simply  backed  by  an  outer  deposit  of  impervious  soil, 
stive;  and  with  the  addition  of  interior  cross-braces  or  struts,  like  cCy  Fig 
It  cruKhing  inward  by  the  outaido  pressure  of  the  water  and  puddle  when 
t,  has  been  successfully  employed  in  from  20  to  25  ft  depth  of  water,  in 
e  was  not  sufficient  current  to  wa<h  away  the  puddle.    The  cross-braces 
i  successively,  as  the  water  is  being  pumped  out ;  beginning,  of  course, 
jper  ones.    'JTie  ends  of  these  braces  may  abut  on  longitudinal  timbers, 
le  piles  for  the  purpose.    Another  method  is  by  meaT\«  ot  <w  %\x^xi^  cr^*, 
f  TaprightB  framed  into  caps  and  sills;  and  coveted  oviX.»\d<i >n\X\v  %«yja»JW^. 
7ltuik,  laid  touching  each  other,  and  well  calked;  aa  vu  tYkft  ca\"e»to\v,^VI 
vat  a  bottom.    Between  the  opposite  pairs  of  wptVgYvta  wr^  iXxoTi^y^w^ 
ng  7,  reacJdag  from  side  to  aide,  to  prevent  cx\tt\iVsi.'£  \3q:««s^   ^ 
B2 


„ OS  ifiure.ia^rt  spurt.  InCn««1>  uppoiill«|M[rcirttaiiM.l 


rt  fhe  ouIbWo  pnwdre  upklnBt  IhB  S-lm 
bn  LonpriUidLnnJ  riirKS  o  o,  conBof  Ihi^  lumAt  of  Iho  ahuoI-pllH 
ib  iiflBT  they »rf  rtrivan.    Tha  CbbI nT tl.i- »he..tpilM w! 
"Mts  U«in  ilnin  dIms  Co  ewb  nlhcr  al  Wiltnm  Id  dtl* 

l»  tbeet-pilf»  win  Mtb  In  k  tut  miira  t-BulM 

' ilidavDlDFlgta.    HerBOOKBttMOii 
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boltfdto  the  i>prlghn,narlMitli[1iDirtnpiKn<l  their  ftel:  anil 

"'  -    poinu  as  mj^  be  ilMirad.    The  afaeel-piLe*  I,  lire  inBcitetl 

— BO  u«  jjqidud  daiinH  thbir  deacent,  njnch  uton  iwrnctlj 

BHRCHtta  im  lining  to  psmlt  tba  obs  af  ouuldE  pniMla,  P,  FigT.  Ih" 
odsMlini  9iBi*a  In  FIgS,  tsgtntfalty  oaed:  In  wlilcli  tMlh  aide*  of  Ihu 

itu  ra«i)  u(  arlulf-diTvou  niJiiii  iill«  pp,  ob  whiub  thn  MrEuulli  vblgflii 

)>7  ■uiy  hHVa  Hi  ralst  HcAtlDg  ire.  ar  ncddiinlal  tj|oK>    froiB  tcbwIi,  At. 

nilich  iwlH  sack  pair  uf  opuudte  nilca,  luid  stauly  them ;  iind  preteol 
Bg  utan  by  [lie  pnHBim  uf  tlie  piidille  P.   Tho  liiiin'  oriet  act  u  pMet 

a  tbemt.  la  dH^  wntcr  Ukh  flli««C'pJt«ii  mml  be  vtiry  Amt,  Shv  13  iun 
HlU  tlM  greniirs  of  ths  campiKHd  puddls. 

r  w,  af  plunk,  ii  ufeaB  Uld  mU^titibt  cron-piecve  I  (,  ftir  the  iwofth* 
wheeliiiK  iiwti^rlili,  te.  Tlis  puddle  P  b  drpulud  id  the  «bI<t  to  Ilie 
ling.  iHtH-een  Ola  •llsts^|^leg.    It  ihouldteiHil  In  in  tajeis,  nndiuui- 

nia  bDDDin  el  the  puddJivdlloh  iluiidd  tie  dcepentd.  «a  jn  Iho  llg.  In 
ini,  aii  II  uflen  dcHW,  of  lD<«e  pomui  mAteriil  whldi  would  allnv  Harer  (a 
«lh  II  Hpd  tlni  ahitet-pUefi.  Tliia  leaking  wrder  llifl  dam  i»  frci'it^nll j  • 
ich  tmablAaddexpfliuw,  Walerwlll  flndLli  way  TewUTvthniui^jiLiiioit 
u  Ai.b_.  „f  .tj:.„  — _.  "-iveLly  and  poblily  («»■—  -.— !.~i  — i.i. 
e;Hnuii  a  nntuoi  »(  eilber  dtoi 
■a  dlV^  ^  *^^l  genBTally  tie  expedient  To  jf«art  to  eilli^  ezHiple 

I  if  encti  open  gmTel.  nranji  olb«|>ena«Ue  or  ■blfUus  uiMecinl, 
okeiad,  Ao,  is  pmenl  hi  •.  atratam  but  e  few  feet  ta  Ihickaew,  dd<I 

ould  le)™™!)™.  °^'  "■■■ 

L-SfHI  rurehnllowdeiilhiij  e. 

10  Indllj;  nnd~tbeD,wiih  gtud  twiddle. 
iimKlie^of  the  veEtical  deplh  n  f  belov  high  water;  Except 
ban  4fl:  In  which  oue  mrme  jt  4fl;  nnleafl  mon  jdicnjld  tie 
lewnrkmon. 


or  width  no  of  .the 


ntlTdniBS  HTK  Tun  BUtldLnK  niter  the  voric  tfldone;  If  1 
riitWKbeuliJKliaiuMB;  ThuddcIi  » ItKBHtrridltiK 

the  npmw  cfmiml.    Uiit  if  nmurcd,  Ibe  pilM  •honM  dm  be  dm -r^^ 

■nHDiI;ballB  nitD#c)«iilailYiTbQtlom^  Kir  If  dnvra.  tlw  vats  •■MMI 
&oli»  m-j  uAkd  lbs  anil  under  tlia  wiaooij.  II  to  Dftini  ncpsdenl  laM 
ruwi  iT  plhs  bun  llioilaia  lo  tbe>hcH».forBuppj>rtingap.iis>™TBirlll»»»l* 

CuAnkm  Id  bo  niok  Ihinqcfa  nn  botiom.  to  ■  Ann  •oil,  an 
dnpe  or*  bus  of  crfbnrart[.DlllKr  ■vc'taiiK'ilar  or  eiientsr. ■■ 
Thh  bsl^t  Himtf  I  put  togHlwr.  uii)  proTldn)  wttb  pKnrr  tsnpniT  M 
brwlRK,  (bi  Iw  endwll;  raiDDTod  mhe  quboqi?  I>  boirt  op.)  to  ll«M  inM) 
•  nd  ttUK  bebig  hwledMBa  tnmt  on  Iheaan  ballom,  ismnk  brdiviitnEi) 
nn  nHMrfal  n»m  Inddu.    AAUcionU  riMdlRKvin-KmHiiDwbs  iniiMOr 

•ontaBIbeffieUooof  thBKitliMoilIHUhoonlr-^-  —• —  .-i — "^^M 

to  ilnJ^  ■«»  «ne  of  the  outer  nuterW  am 
tlJHlhM  Inilifll  holnln  ii^pwHlar  fiv  mrel 
to.  Tbh  on  fag  dnqe  by  menm  of  lonii  drill- 
*dnk>u>l>gnIJflo||Mn>1;wflhlt>  lower  ' 
Ml  Mv  bg  oKil    Orahollimcvltn.ter.i 

t»l*«cb«botBlb«iittfci»,iinilJiiirlnKBlm_     _      _  

M».  to  ba  ooTWHl  wNb  KisTel  to  |i«T«il  Inklnft  ■w^  be  mk  iwl  «■ 
'.puniHHl  out.  to  itlow  ■  woriinwn  (d  doKecid,  and  woik  in  the  imi  ulr. 

P;",™.     WhendrtTfn  riiduer  i-nnbict.u  nn  Fl|tl1,  lor  (irereBlillt  MAl 
fn'i-nl  lia  sfm-iiillDg irhen  lowlcd-.  or  it  >t«  eoUdBvAIi  •.buuUvHba* 


tboeBa«orpnBt.Mi*. 

in>rt[liM(In«hiaM 
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id  thns.  tc,  tbcj  m  e^led  aheet-pllea.    OnieniU]r  Ote—  ■»  thlaner  ttiu 

lllut*  u  IwarJiic 
;  and  ■»  tlwB  eallsd 

.   jHn    tlsht    to- 

ock,iiotllliiuBtc[iiHTtaltinrti«a.    TheiThendi  are  kept  In  Its*  while  drlT. 
f!n,    TiiBifl  vaJcf  are  tuitiiurtAii  hftfUtiff&piiet.orfftiiilii'fflleti.pi'wluaMljidtirKa 

l^sartha  iilbi  ihijia  u  up  u'u>»a  nmilguilTdrlnn,  C«b  >  ^^ 

■  ■■«■»«■  lUMilsi.    luimrpn'Mf.  belucdHieiilDU  *     .^ 

wiObivitaiiH,  libnuliiiilu.lli  boldi  Ug  demtuUni  '^ 


™« 


SliS'.'iSI.'iS  R0I2 

•  lkrirniIlliMfarn«lTluU<iii:u>d  lb<<  pile- urt  ilinnli  ** 

<  ■>  IkiH,  whlab  m  tbu  RlUliid.  OloHr^lDumii  h:  pI«uIidfBIU•BU■Blkut;M•lIlf' 
ll•a  pIlH  Wb  iiibUdfd  to  (uMiUii  Iwdi  on  lliiir  t'nii>.whetli«r  drlnii  nil  Uwlr 
A  inlo  tht  i;ri>ui>d.  or  onlr  putly  mi.  u  lu  He  3.  tluy  hiv  <«11m1  brarin^ 
•a,    Tbsf  ara  murralt]' round  1  Itiim  S  tu  IS  1m  diuB  u  top:  udibntild  l« 

Bt,  Hud  clfiftr  of  IpHrk  abd  oT  pmfecUiig  •rulw.  Wlillo  pEue,  Httoro^  or  pti-d 
k.  unrw  niT  imU  JB  (Oft  mill  1  Roud  >rlinw  iihH- rcir  Crmn  mm:  kikI  lard 
^<lB,b»cta,  Ic.IOrtlis  nion  coiii|i«t  onn.  IhryiirDn«niill^drtt«lniiiiHlKi>ii 
la  4  ft  *|art  iwh  MTij',  rrnn  TKiilel  lu  reiiler.  dtyndini:  i<n  tbc  rlunclrr  of  Ihv 
.Md  tb«  u'^lit  to  b«  ■DitalBt'd.   T^p  tn«d'iMif^-l  EmaueliiDoneuiDciiulrRlihiin 

■oril  pflrformpU  bj  n^Q  vorkknfc  HbminiH-rtlfi)r,«iBa;j0OOruf>t)iouiidfe[icribui» 
■luita  by  tld  [ruwd-wlhial  I  lUjd  viily  2CKM>b;M  M'incki. 

^•■BII»Bwder  Bile  drlT«rlinmM  bl  Ur.  thanu  llh»,>  th-will-tDn>B 
M>i>da«lbga'  of  rbllit.  ii  >  ••rj  lliBrtW1.Hi.  laiilUB-.  T»-  lniDiiin-li  w->rVrd  l.t  uuiil 
i«ta<*p«.(ltr.  piM>BlciMliiini«lo«w*i»lii^«™i'T«(ll>'!'llt;">J  nrl'**''!  lb»  biB- 
UMC  ItM«r<iaili»nt»»io«Me"iii(»tBMII.pmDlii»»:  .ni,  riioi  Ibf  li«n|»»  d™ 
•i«lii*>nii>l«aHM>!tli  Ibi  pIlM.  U  AiH  Dotlijiin  Ihrlr  bwt>  ualli  tkw  iIU|iIIi>lill 
itaaknpi.  *e.  (V  pn>nT<>i  iMd.  TbH  nh  silliihl  Mow  Ii  Iqiilrtd.a  FKbHertamldu 
■*.  TUiiucMiK,  l(i»ever.S™i  iwt  •■•bt  la  nl-lnit  Ibi  ii«r.Hid  plidi*  II  ta  p-lllM.  ■•  !• 
Ilr •rdliuri  liHU  pill  drliwm;  uu  Uuv,  b»«>r.  annii  Im  fnuB  1  u*  btowi  per  alaiiR. 
'ki  tirHi  In  Im  wtlh  which  s  ptl9-hi>nm'<r  iMkH  in  tilow  Hpfln  tlip  hwl  of  •  pllr. 
Mt  la  nlFulali'd.  jkll  mlu  Tor  that  rvninm  "f  tmmiei  Id  pftot.  Via  isiiH 
tfcmii4uiHinPi|*rtciice  iiliBW.  But.  unfoniinatvli  the  mwd-d  fccli-  >»  m 
.iiiiii[ilncoinpWi-lydeKrtlied,»«not  lo(limliiligttiiiDilir"rn;liibLBniIi».  Wv 
wf.rhiTsrulMbjMiw  Biin.li'r»,aiiJolh*rs;  riiiil  Inlli.'ie  «•  ventnr-' to  ii.iii.iiiB 

JL.  IB  J3.^1J?'™p^J\^«  ST  rbrK!^iibII«t"b.  <Xi»  .1  It  ^m«ll^^^ 


(n tbaflna NAM  Uiivlim  tirMirs'cmw  the  Tliamen,  each  ^\U  ' 
And  Ave  pjflced  acttrly  4  ft  »p»rt  Itom  t*Tv' 


itDil  vcliei.    Atttt  mjmjt  want. 


p[<in.     Blukfriui  brMgo. 

tbli  ta  HL-riborr  in  hMh  am 

eiHpll«.p«rli.|i«lir™irtllii.,  _ ,  -    ,- 

Inking     It  may,  bm-tii^r,  iHi  mrlni;  III  part  (u  Ihe  craBMaanlllH  nt 
at  lliBpiln;  nr  lu  ■  luWr  ■rtllamunt  of  Iha  iiiitlra  uih  uf  jdM  di^ 

Kind  cIh;  limnilh,  nnJi^r  the  Immeiua  load  tliU  mu  upon  It.    ffal*  hp 
6}j  ton  |i*>r  *q  iiKil  of  waDaTDrvdlij  ^D^er;  rnndb  prol^blj  luvu 
upoq  dunpclBy.  «heu«Ten(beiUghl«ftibilLiiifcfiprvjDdieibl. 

MiU  J.RaD4ent.U.B.8iigg,aiMiiiiH>itBdliirirHTiitFur>I>rli<nT*!Mil 
gl.n  iTio  rtillrivihu!  in  relUiljIn  Iiir  urdlnarji  pll"  drltinit.  for  ths  >^  kill  UK 
BOD  wmlDn  pn«,  drl¥an  unlEl  it  nfnka  throofrb  onlrimHtl  Hricl  hcbiIjhi 
tvuMi.  Under  ivcGHHiTV  bkiwfl.  iliTldd  tbo  htlg^ht  of  tTio  Idit  in  in*.  Vf 

■UQln^,  iD  Imiii  or  ptraiiiU,  ■>  (lis  OH  auhy  bo.    Ui^do  tiiBpnjdbj& 

Elian.!.  i((  theHiMtnirtRtbii'lite.  l^Xniln,  IhogTHilfstiniightila^ 
«ir.hbli)vfn>inBiaMIbbiuiiiiKr,bailUK:wt).^ut>aai£iiDdi<iig»l  I 
IuT>  (h»  &IL  in  liH  =  m  X  12  =  £«>.  An^  ^  -  saj,  ud  3= 
and  ^^^  ==  48000  1t«,^  21.4  tons  rafe  load  bj  HnJ  S>ndi'»-  I 
ralo  irf£h  iinna  olhpT  iDHtancn,  IL  wonld  at  ffnt  light  appmr  f 4  hn  gn 
Tllim  Uftp  ^Ws  ilDdar  Bume  ot  tho  plvn  Df  Ilia  Kujal  BurdiT  bridga, 
pm-t  70  f  r>M  nch-'  Tb^  waTr  driTan  hnta  Ihffy  Hiak  on!  J  ^  or  -Oj  i 
btaw  rrom  K  hiiiDmar  oT  T7<I0  Dm,  blliiiK  1<l  R.     Urn  lUJ  SandslV  I 

II  la  Iba  wrllar'a  uphriDn.  bowVler.  Ihnt  the  pll<«  did  not  acliul^  dDk,  B<n 
EDirttly  r:nnptTH<^  or  poniaiiy  cnHitf^i  uj  omw 


B  thr  nnri  b^  tbr  bBl«4- 
jni.  4  1.  TliaqHMIriilballieailrRaaliaidlluiliimbaiiuIat  Ibr  pnlBl  ■(< 
mare  iliiklD):.  Vm  llw  safe  kad  luke  litmi  one  aiilh  In  mm  biiir  or  th^  m 


In  ■■■■•«  Te>7  ne«Bl  «itpprln>viilB  (ISiS) 


Ijul  plkkiaa  bt 
laaloHMoill 

Bj  NaI  Swidan  mia  iu  HTr  Inid  would  be  2.14  lona,    Bj  tli.  HcAM 


iTHTioulj  quoud)  thaoiinvH  loul  vuuld  b*  ilibcr  SCO  or  nJ>  una:  Wit 
tlniinwliiUDnn^'w.  A  Oannan  rule  qDWid  b^eaBBanurdBTiahrlktrM 
JiMd,  J^;  IDDii,  or  Wlj  Iwtco  U>e  Mr  in  Ibia  lnilui».  At  lh«  HalL'BBeki,]l4 
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e,  driven  16  ft  into  alluvial  mod,  by  a  1500  lb  monki^y,  fklling  24  ft, 
3li  blow  at  tbe  end  of  the  driWiw.  They  support  flilly  20  tons ;  or 
le  etatemente,  26,  each.  Oar  mhe  gives  33.2  tons  for  the  extreme 
r  a  safety  of  2.    llaj  Sanders  gives  for  perfect  safety  12.06  tonn.    For 

bridge,  our  mle  gives  98.6  tons  extreme  load  if  there  was  no  sink- 
•  if  there  wah  an  mduai  ainking  of  .05  inch  per  blow.  0u9  half  of 
18,  is  onr  safe  load ;  they  actually  bear  70. 

)rs  consider  a  pile  safe  fur  a  load  of  tb  tons,  vi-hen  It  is  driven  to  the 
B,  falling  4  ft;  onr  rule  gives  a  safe  load  olT  23.6  tons.  They  t^sttmate 

not  sinking  more  than  .4  of  an  inch  under  SO  blows.  At  Menilly 
s  heaviest  hammer  weighed  2000  ftw:  fall  6  ft.  The  piles  susUtin 
ir  rule  gives-39.3  tons  safe  load,  if  we  take  one  half  as^satf. 
•roper  londl  for  safety,  we  think  that  ntft  more  tbsa  one  half  the 
by  ottr  rule  sfaoaid  be  takea  for  pflee  thonmglUtf  drivea  ia  Jlrm  eeilt :  nor  more 
n  la  river  awlor  ■wrah;  aeaaiaiBgas  we  have  hitherto  4one,  that  their  rbet  do 

iat  difference  in  the  penetrability  of  different  sands.  Thits,  in  tbe 
pecial  difilculty  was  found  in  driving  piles  35  ft  iuto  deep  wet  sand; 
iret  localities,  piles  of  very  tough  wood,  well  shod  with  iron,  cannot 
to  sand,  without  being  buttered  to  pieces.  The  same  difference  has 
he  case  of  screw-piles.  At  the  Brandywine  light-house  these  could 
tore  than  10  ft  into  the  clean  vret  sand.  Stiff  wet  clay  (and  clean 
er  very  much  in  this  respect.  Generally  they  are  penetrable  to  any 
vith  comparative  ease;  but  we  have  seen  stout  hemlock  piles  liat- 
I  driving  6  ft  through  ^^-et  gravel ;  and  Mr  Rendel  found  that  at  Ply- 
d  not  by  any  force  drive  screw-piles  more  than  about  6  ft  into  the 
las  stiff  as  the  Londi>n  clay,"  un  which  the  forementiunedncw  London 
bridges  were  founded ;  and  into  which  even  ordinary  wooden  piles 
;  without  special  diflSculty. 

1  with  the  Band  or  gravel  fteollltatee  driving  very  uoch ;  bnt  before  beglnntng  aa 
r  piling,  a  few  experimental  ones  abould  be  driven,  to  remove  doubt  an  to  the 
t  that  may  be  anticipatod.  Mere  boring  will  often  bo  but  a  poor  subatitnte  for  this. 

a  heavy  hammer  with  a  low  fall,  drives  more  pleasantly  than  a  light  one  with  a 
%  hammer  of  ^  ton  (1500  lbs)  falling  25  ft,  in  a  very  etrong  ground,  shattered  tbe 
I,  (4500  lbs,)  with  7  ft  fall,  drove  them  satisfactorily.    More  blows  can  be  made  la 

a  low  fall ;  and  this  gives  less  time  for  the  soil  to  oonpact  Itself  around  the  piles 
At  times  a  pile  may  resist  the  hammer  after  sinking  some  distance;  but  start 

rest;  or  It  nay  refuxe  a  heavy  hammer,  and  start  under  a  lighter  one.  It  may 
,  and  more  rapidly  afterward,  from  causes  that  may  be  dllBcult  to  discot-er.  The 
etimes  causes  adjacent  ones  previously  driven,  to  spring  upward  se%-eral  feet.    ▲ 

favorable  position  when  Its  foot  rests  upon  rock,  after  its  entire  length  has  been 
Irm  soil,  which  affords  perfect  protection  against  Its  bending  like  an  overloaded 
I  same  time  creates  great  friction  against  iu  sides ;  thus  assisting  noeh  In  sus' 
ad  thereby  relieving  the  pressure  upon  the  foot.  A  pile  may  rest  npon  rock,  and 
for  if  driven  through  very  soft  soil,  all  the  pressure  is  borne  by  the  sharp  point; 
!S  m«>rely  a  eolomn  in  a  worse  condition  than  a  pillar  with  one  rounded  end.  See 
wigth  of  Iron  Pillars.  In  such  soils  the  piles  need  very  little  aharpeniag ;  indeed* 
1  without  anj^;  or  even  butt  end  down. 

loll,  especially  if  stony;  or 
if  the  piles  are  |)ointcd,  and 

to  rock  ;  their  fiKit  should 

shoes  of  either  wrought 
nd  />,  Fig8 13 ;  spiked  to  tlie 
f  the  iron  straps  n,  forged 
ast  iron,  as  at  c,  where  the 
inverted  rone,  the  wide  flat 
fords  a  good  bearing  for  the 
he  pile-point.  The  dotted 
frougiit-iron  spike,  well  Be- 
ne, which  is  CHHt  around  it; 
ihoe  to  the  pile.    Regular 

bridges.  Ao.  the  French  engineers  drive  until  there  Is  no  sinking  under  an  HX)  lb 
m  Our  rule  here  gives  81.5  tons  as  the  extreme  load;  and  15.7  for  a  safety  of  2. 
rs'  safe  load  is  only  2.68  tons, 

r  a  fl€»aCinK  steam  pile  driver,  in  Phiiada,  scow  24  ft  by  60  ft. 

io  engine  for  driving,  and  one  (to  save  time)  for  getting  another  pile  ready ;  with 
about  §0000 ;  and  tSoO  more  will  add  a  eircular  saw.  ftc.  for  sawing  off  piles  at  any 
■•  eaglneman,  000k,  and  4  or  5  others.   Will  bum  about  half  a  ton  of  coal  yer  dav . 
{ravel,  and  sawing  off.  will  average  fTom  15  to  20  pV\«s  ^t  ^m.3  Qt  V^  Y^raxa.    va. 
maaj.    Oa  Imnd  about  half  as  many  as  in  water.    K  g^nvow^«f  ^vVi«t  ,  www ,  Wx^^ 
loiv;  bat  will  do  aboat  twioe  as  mvoh  work  as  a  ateam  AvK^ar."  '^^  teV^««.'\K« 
»^f  **^*f "l**'"*  *  <»'  powder :  into  gravel  4  t\m«a  aa  inu«\k.    Q«»  ^'**J??*  * 
The  U.8.  Oaapowder  Pile  Driving  Co,  No.  10  B.  De\awax«  k.'^wefc^  ^\»»»« 
«  of  jueftiaes;  aJao  for  dredciog  and  plUng. 


Yi^U 
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wrought-iron  shoes  will  generally  weigh  18  to  30  lbs;  but  sheet  Iron  I 
wtieu  the  soil  is  but  moderately  comiNiCt;  plate  iron  when  more  lo;  m 
or  steel  points,  from  2  to  4  ins  square  at  the  butt,  and  4  to  8  ins  lou; 
cumpact  and  stony.  Holes  may  be  drilled  in  roclc  for  receiving  the  poI 
and  thus  preventing  them  from  slipping ;  by  first  driving  duwa  a  tobe 
to  the  drill,  after  the  earth  is  cleaned  out  of  the  tube.  To  preserve  t 
some  extent  from  splitting  under  the  blows  of  the  hammer,  they  are 
rounded  by  a  hoop  A,  Fig  d\  from  V^  to  1  inch  thick ;  and  1}^  to  3  ins  v 
are,  however,  sometimes  but  impenect  aids ;  for  in  hard  driving  the  heac 
split,  and  bulge  out  on  all  sides^  frequently  fur  many  feet  below  tiie  I 
over,  the  hoops  ofcen  split  open.  The  heads,  therefore,  often  have  to  1 
pared  off  several  times  before  the  pile  is  completely  driven ;  and  allowai 
made  for  this  loss  in  ordering  piles  for  any  given  work ;  especially  i 
Capt  Turnbull,  U  S  Top  £ng,  states  that  at  the  Potomac  aqueduct,  h 
were  preserved  from  injury  by  the  simple  expedient  of  dishing  them  on 
of 'about  an  inch,  and  covering  them  by  a  loose  plate  of  sheet  iron ;  fl 
section  at  e.  Figs  13.  A  very  slight  degree  of  brooming  or  crushing  o 
materially  diminishes  the  force  of  the  ram.  Piles  may  be  driven  thi 
loose  rubble  without  much  labor.    Shawns  driver  does  not  iigure  the  heai 

Wben  tbe  head  of  a  pile  is  to  be  driveo  beneath  the  water,  a  woodea  pnnoh.  ■hown  1 
Figi  13.  may  be  ased.  The  foot  of  thin  punch  fits  into  the  upper  part  of  a  eastiiu 
square,  aooording  to  the  shape  of  the  pile ;  and  having  a  transverde  partition  oo.  ' 
or  the  casting  is  Qtted  to  the  head  of  the  pile  ( :  an-1  the  baramer  falls  on  top  of  the  | 
driving  piles  vertioallj  in  very  soft  soil,  to  support  retaiuing-walls,  or  other  strnotni 
horizontal  or  inclined  forces,  care  mudt  bo  taken  that  these  forces  do  not  posh  over  tl 
selves ;  for  in  snch  soils  piles  are  adapted  to  resist  vertical  foroes  only,  unless  they  b( 
inclination  corresponding  to  the  oblique  force. 

Iron  piles  and  cylindern)  llitcliell^s  screw-pile.   ' 

various  shapes  has  been  much  ust^d  in  Europtj  for  sheet-piles;  especial 
tended  to  remain  as  a  facing  for  the  protection  of  concrete  work,  fiUe 
and  against  them.*  Cast-iron  cylinders,  open  at  both  ends,  may  be  used 
piles;  and  may  be  cleaned  out,  and  filled  with  concrete,  if  required.  Th' 
driving  is  greater  than  in  solid  piles,  inasmuch  as  it  takes  place  along  bo 
ami  the  outer  surfaces.  This  may  be  diminished  by  gradually  extractin 
soil  as  they  go  down.  They  require  much  care,  and  a  lighter  hammer 
th:in  wjoden  on3s,  to  prevent  breaking;;  to  which  end  a  piece  of  woo( 
interposed  between  the  hammer  and  the  pile ;  or  the  ram  may  be  of  w 
is  bettor  to  use  them  in  the  shape  of  screw  cylinders,  which,  mor 
them  the  advantage  of  a  broad  base. 

Mr  BainrKL's  paocKi't.  \fr  Brunei  experimented  with  an  open  cast-iron  cylinder,  S 
14  iQ>  thick:  in  lengths  of  10  ft,  connected  together  by  internal  socket  and  joggle  Join 
pi  as,  and  run  with  lead.  It  had  a  sharp-edged  hoop  or  cutter  at  bottom ;  and  a  little  t 
turn  of  a  screw,  with  a  pitch  of  7  ins.  and  projecting  one  foot  all  around  the  ontside  ol 
Bf  means  of  capstan  bars  and  winches,  he  screwed  this  down  through  stiff  clay  and  s 
roclk,  on  the  bank  of  a  river.  In  ddsoonding  this  distance  the  cylinder  made  142  rovtdn 
on  an  average  about  3  ia-i  at  each.     The  time  occupied  in  actually  sorcwing  was  48^  h 

l^j  ft  per  honr.  There  were,  however,  many  long  intervals  of  rest,  for  cleaning  a« 
tbe  in«ide.  After  resting,  there  was  no  great  difficulty  in  restariing.t  The  next  fig  w1 
of  the  arrangement  of  the  screw. 

The  screw-pile  of  Alexander  Mitchell,  Belfast,  consists  usually  of  a 
shaft,  A,  Figs  14,  from  3  to  8  ins  diam ;  and  having  at  its  foot  a  cas' 
S  3  S,  with  a  blade  of  from  18  ins  to  5  ft  diam.  The  screws  used  for  1 
exposed  to  moderate  seas,  or  heavy  ico-flelds.  are  ordinarily  about  3  f 
1^  turns  or  threads,  and  weigh  about  600  fbs.  The  round  rolled  sha 
5  to  8  ins  diam.  They  are  screwed  down  from  10  to  20  ft  into  clay,  sand, 
about  30  to  40  men,  pushing  with  4  to  8  capstan  bars,  the  ends  of  wliic 
circle  of  about  30  to  40  ft  diam.  For  this  purpose  a  platform  on  piles  ha 
to  be  prepared.  In  quiet  water,  this  may  bo  supported  on  scows ;  o: 
moored  may  be  used  when  the  driving  U  easy  ;  or  the  duck  of  a  large 
well:hoIe  in  the  center  for  the  pile  to  pass  through.  Roughly  mad( 
cribs.  Ailed  with  stone  and  sunk,  might  support  a  platform  in  some  pos 
platform  must  evidently  be  able  to  resist  revolving  horizontally  und* 
pushini^  tune  of  the  men  at  the  capstan  bars :  and  on  this  account  i 
to  drive.gcii^wB  to  a  sufficient  depth,  in  clean  compact  sand,  by  means 
platform.    The  feet  of  the  piles  must  be  firmly  secured  to  the  screwi 

*  Cast  Iron,  for  any  parpose.  when  Intended  to  tesVil  *ea-water,  shnnid  be  close* 

white  metAl.    In  such,  tbe  small  qoantitv  ot  oontaVtveA  carVwu  \*  cYxctoXq^w-^  oemM.'Md ' 

itut  ia   the  rfarker  or  mottled  irons  It'iR  TOecVvax\\ca.\\y  c^.m\^\T\?^^,KTv^»n«S^V««»w 

ffoniewbut  Hko  plumlmgo.)  when  exnoaeA  to  upa-vtaloT.    Wwev.  ^\\Vft  \t<^^  Yi%a  \s«ii 

[or  at  least  40  rears  witbout  any  deterl"6rai\ou -,  w\\ottv«T  ««vRlMi%\3  mti^t  '^wiK,? 

•O'J  irr. 

'  <*»■  ifioatea  of  tbe  Proceedings  of  the  Inrt  CW  ^ng,  voM,  v  "V^^- 


li  uiil  ibehnninmnrllMfejBginni,    TH  bi«  n?  Iirlillnf  off  Oa  ihtfLli 


m  1 

^Mlr  POUNDATIOKB,  1 

Wl fiwt  of  unis  of  Anr' or iff't,   BLch  pier  cnniiiti  orflpllci In  a«lngl«Iinr.   Ovlnf 


cylin^imUHdaftHlwriln  tbscli^ri  uidVrv  ia  aSftnUer,     "  A  inoog  iBgbw 
WM  HHitea*  nnd  4  gnide-pIlM  ilriVFn  tiir  each  cj'lliwter.    Ths  icicral  toDBtlu  Mat 
■f™vlomlyboUs4«oii.>tlier,thB8u»iirBkiwercdiiitg  thelrplMM.  HimhujiaiatiE  , 
^il*it^'«Bi«l»M™»-*frtwi«a*iu»gliiHi«iiui>iuaJtriBKhMiiawttJi)|irii^^ 
and  gmvnl  wMch  Ibrm  the  «ub>Cntnia  t>ri  groat  depth.    Intu  IJiIb  Ih>i  tli^  wis 
■Duk  about  8  orS  ft  ^uth«-,  by  tiicAVkTIng  thfe  Inside  uarth  utiddr  vmtAr,  by  tlTiry 
or  to  iQTerted  enuiral  niaw-paii,  Kixip,  or  dndeer,  of  %  tnsb  plale  Injii.    Itili  «■•  , 
nt  gnuUHt  dlwn,  asd  Ml  iU«mjuil  ta  Iti  UdIIddi  km  ottachsdiKrsvBbgBtm 
long.  rbruttbllDK  LoicrewJnf  ItwirDletif  tb<>  toll.    It*  ■IduahiulDpejUniftlbrLb^ 

B|ip«^Ie  itJoa  or  the  p6n,  3  luda  of  ^tndi  dl&in  pFq|ec1«1  upv  ard  4  feel,  und  VM» 
lUere  IMpa  lopHher,  «nd  coiiDBctodliy  ui  Ejc-and-lwll  jnlnl  to  n  lung  rod  m  dli% 
■t  tliH  'i#per  Ad  ur  nblFh  uwi  n  f'liit-unai^  croH-huidlB,  l>y  whicli  tb>  pu.«H 

IbuUHiai  wn  nlu4  to  UHpu.  TMapBiiH.irallUil>  Munmiuw^iicrj  IrSlliigiald^iS 
m—too  »M  Jppt  HaVf  —a  obaiilT. .  *aa-  ibi.  •ii)itTUl<»  lu  toiibtd,  ud  ibe  «HiidlFiD&   < 

iirdm.  TM  wnMr  wu  Iknpuigi^cBtriullhsiKHOiHT  bBllt'lii  Dpcii  al-  In  uBKrifftAr 
Am,  liomv.lliBnla>iiiKHtUt.lM«iriUH(D4ln(U>«l]rkiirBiuimi..  1  tMrsBpiwiatalr  ■ 
■«|iiksnisIs>riu««n«n>ts>ii«WHaMt»iiiUidlBU»K    riiUlinali.m-aM,k,nSf   , 

vnrtinnii  nn^  tlie  plena  m  <pT*v(>aaeB.  .Wi  oiu  butlxtBa^ 

..!. -.^.^.^  ...  Tw   1 .'.„.  u,.,t...  T, .,f  .,.^d<,n.  lbs  crlDfi* 

-  'Z 


Dyliadu-nAi* 

— , , , ^ — ^r^wid  tknoMl^j 

la<  caiMble  of  nuiBling  llie  du.inwuid  prwnnra  of  Ihs  nlnml  alt  Bpoo  Iti  Sfcl 
This  prewui^  M  is  well  knowN,  iim.qou  (o  n«ifly  IS  IbB  on  Dteiy  ■]  Inoh :  Bl  «««Sir  I 
lion  iKjpoifluf  iiraiorthp  top.  Gonsiiqnnn4Iy  (ha  oyllndcr  Is  ronnd  dowBviiadM.  ' 
tlia  l«dof  tliE  rivor.  by  this  aiununt  of  pccnnra.  tiinddlllon  taJlicnrnvaigfatir-M'  . 


b»  mtwr  1HWX  Omm^  Vn  n«A(Mi  i^m&  ui  watr  i*V 
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■^■lJiLi4irilftf<ndlDlo  EiKcrlLDdtfr.  b*  u  Bit  Ana  HiDID  or  ODddRlinr :  ■iHll1ti4U(k 
fidrtonHoniut-ciinudimnrlnd.  A  ripbrd  li  ilumii  >i  null.  A  dmn  n  ti  m 
^■«ak«H*«>IMiHinlurRiioUHlioiHmi.liiIbaUi^lu«:luaihl<p~Miltil(hil^^ 

lid  p>rUf  1^  r1  lint  thtoHli  tite  ■[phoq  «4.  *nrt  HawlDanAiiL  0,    Th 


tlltiI>i|m4,lhcV!'  '' 


itUrO  er<l'"<*''<^  O'  ollirr  rni-tna  of  bricliwork  or  ni>- 

^mnk"Sl'?ndii™lnt''nBXll  elJ^™t1ng  ftnmTheT"ridar«i>d  (o'rai  "^"^^ 
«  «!«  oM  of  Hie  dlTlng-lwH-'aomf^tnf"  lo°h/^iHh.  lit  On  tancl  It  will  onen 
V  Unlnteri  hj  \ani\»s  them',  if.  m  Mmellm"'lii.riH-n>.  Ihe  trlcli™  of  Ih-ir  eidH 
iiau«,tt}iaiitili]iip»v«nta  Ihclr  >lakin^  (^(helmvn  WAlg) 


mM,iMA'n™irti"ilwSm't1',t1>«i'ii»°fnM 
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Fssclnen.  On  mnnhj'  or  nsi  qiiicbnuid  boUonii,  fauudiutonii  niu  ba  Uit 
lint  depnattlng  line  mmi  •>(  Ujt>n  uf  Tudua,  ur  itouc  twigs  ind  tnull  baatt 
•trongty  Uod  tQeotbnr  InbunillM  fnmi  6lo  lift  long, »iid from  B  ioi [d 2 ft  1m Mi 


.iJEi-ir.lnluub^MthMH 


Snnd-Bllea.  Wo  hsTn  a)r«idr  nllnded  td  Die  nw  of  nnd  >^|]  mniin^  In  1va« 
InlolrBiicBBiocfoiin.IiitLuiipIli.;  bntitrimyaHobeuBrf  In  i«-n  »>ll9,  [n  Ifae^ufl 

Iba  ame.    It  la  Ihen  dmwu  out,  anil  tho  linle  Is  flllod  wiih  wet  aud  well  nEHM!|f 
Tlu  pUa  Is  then  a^ain  driven  in  Hiothcr  pUca,  and  Itie  praopviTpeated.   TbtiaUt'   ■ 
-Hid  mi;  befroin  I  to  3  ft  In  Ihs  clear.    PIstfonDs  mnj  be  used  an  IbempllHuaV 

fonnilaUDn  by  memia  of  trial  Inula.    Home  HtUeDieDt  mnat  inoTltablr  Ink*  plMti  ' 
-Bntilnll  DiepHrUconw  t<>afnlllwiirlng;biitlliril]  beaiii<paRitfFcr«triaiD|.    n»'  . 

srffi 


whelhsr  at  wi»d,  Iron,  ormnsonr?!  >iiBlna  witb  all  tall  |>leni.  wiiIIb,  fc.  2cv  Builf 

Ud  ihotjld  ]U»  bfl  ^tbmled  by  a  ituiKMit  of  i^ndcHD-sUma. 

Iw«i  dspcalted ;  and  the  maaonry  founded  upon  Ihom.    Caunl  looka  and  oU»r : 

tncBB  nuy  at  liiiisa  be  advanWceonaly  liinaded  in  thiaway  to  dbhjiIi/ •oila.   If  i , 

.  Tho  nnido  of  l^lng  u  foundation  undnr  vrlIot,  by  building  tho  maooDFy  vHKwl 
Umber  plntfiHTD  aluive  water,  apheld  by  alroDB  screva,  and  gradnallj  Inwer^d  hrtIB 

lata  been  mnchempluyodorlth  entire  iiicteaB^  In  laivetirldBa-plenlti  dHep  wnti 
however  li  not  nsvr.    It  vaa  anggeitod  more  than  JUO  yean  apr  by  BtUdor. 

ihiAt  tops  connectKI  by  heavy  timbar  eap-pleon.    Theae  last  uphold  the  m 
vhlcb  «i>rk  tbmaiEh  lliem.    TIib  wliole  la  iHwvd  aeiUiiBt  laterHl  motlm. 

Theatutdod  part  of  tig  IBih  wa  itranaveniH  section  of  the  ciila«ni  oTytJItn 
"-■ler  and  cement,  liir  t  b  foundaUa    of  tha  Bnnklyn  tower  of  but  Binr  ^. 
lenslon  bridgu  of  ISOOft  clear  span    It  la  IBS  ft  loneat  l»Il(Hn.wHl  lOftnw 
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Bna  lie«lng.  Miil  flllod  wilh  couprcta.  Ii  an  eicellrnl  fiiBofUlion.    Xli>  pflrt 

COST  OF  DEEDSINO.  J 


™  drodglnpi  (iir  tl«i™ii 


at  per  cub  yd  for  ilredgin; 


or  BiioToltinr  Hnd  wh«lliii;,  jw  IhviTHii  rnHjIv;)  «hvthtr  rnurh  Bfiur  mualtH 
Died  In  ntDTlDK  the  uiu;hLD«  fimrnrd  fraqinntlj,  ha  when  tliF  vxpmvMlnn  li 
_  ._j  _.  1...  ..„._  j^(,,.  ^  ,j|  aeepenlrit  Hcmiil,  *c:  whothn-manybmrtl 
>  Id  bo  lined;  wliFtbar  iotsmiptiiini  dm;  nssr  (mm  nna 
an  be  midlly  nbulned,  Ic  An,  Thexi^  conildenitlani  mj 
lb  yd  tB  MHi  HMO  liTiin  a  to  *  timn  u  greM  u  In  Mother,  ng 


fiS?, 


t  (uMb  U  loleniW j  ^nroifiBRlo  for  Ihrm  wo.__ 
iHiiiDlniE  the  pljatiiiJia*».>M.|i»M-for4ijF  the-CT 


Mr  nr  nctnttl  cost  of  drertvInK  on  n  ■•' 


■  lni:linlwl  1  bat  no  proHl  li 


At  preseiit  wumi,iBn.'ir>>ntnMMimirM«iUii^ii  ■' 


^t!^mna'rbuilidni^Ui''^iidpli*f  lb  °TBiibe  EionUr,  wlU  IHI B  >lll|ta  IMhIA 
iln  I  li  in  III  l«b  umlFi  oriBiiirj'i^rlllDiVmidTi  ^  ID  BD  1^I  |Mr  B)  InsB.  HDlMllll  M  M 

Op  aiDHll  ajwntlona,  dredgnn  may  be  worked  by  two  or  more  honn.  fi»tfl«d 
steam;  nutt  will  Finsuer  very  well  In  sort  iDateriol;  or  even  lb  modetiktuly  bu 

AO  to  i[ic>  yATiU  of  UTiiluftrj  Djud  fn  pluia,  or  TO  £o  14U  in  tliu  Kow,  par  da 

Haft  tnaturiril  in  Hmnn  iLU4ntity,  kod  at  mcidBratf  dppth,  mar  ba  nmoTad  b|; 


nieiTBlBbt*rN  enbyd  oT  wet  dredged  lond,  pure  nuid,  or  gnval.L 
aboMlJitoqe;  •aylllRrt  per  cub  ft:  mnddy  gni"i'.  I'linUwin;  aav  IM 
cnbft.    Pure  and  or  eraiel  dtrdge  ually:  alio  beds  of  ibelli.    Wet  dred| 


li.    Wet  Aaapti 
irdlng^  to  iti-fra 


Amprff-BH   nvMlii-lnir   Ca. 


1.    tTe  hoTO  tpatli  only  dT  ubIIi  lusbiiiiiiig  urU;  fur  I 
a  BydmUtlu.    A  ret«liilnK-Wi>ll  ii  ddc  for  nut 

in  ta  A  race-HBll.  wbkli  li  n  similw-  itmutnrH  fur  fireisDllng  Ihc  fill  el 


H  (he  baeklns  ta  depsalMd  looselj',  HS  mtnal,  at  vAcB 
gvl'ttoae,  or  ofjlrxt-daa  tarffi  ranged  nbUt, 


n  Ui«  bncfclniF  1h  ■smewliM  fonaoIlilBlMl  In  borlnyeis, 
BlMt,  or  AMttlns,  ae,  in  front  gf  tho  wiUl,  it  Dol  incLndcd  ID  tb«e  Iblck- 


1.  A  mIstnFP  of  Hind,  or  eitrMi.  witb  u  litnrr  pronorllon 

I.  The  wall  irill  be  •tronfar  if  mil  the  mnrsen  or  mniionry  be  laid 
•M  tnellnitEI«ii  inwMrdt  u  ht  Q'b;  npr-ctnlly  If  of  dry  mnsDnTX, 
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tern  iho  counK.,  Is  la  pliico   Ihe  JoinU  luore  nairly  nl  rlghl  BnglM  lo  IliB  atn 
/P,  yipi  8, 7,  u.d  N,  ,if  the  J.™  •«iiu»  tiM  tMufcoI  thewhih  auJ  lliua  din 


I  lUgid  UuliH. 


Oartj,  It  will  opjio™  liBllitUn -rtalWHaca  »g  Blldiog.  Uut  nlica  Uui  CODIM 
BMLtlwT'HiiDoiliAi.wiUiiHiitt^  ume  [ImelKtDtf ';</(«(  up  lbs  in^ 
BluH  formsd  bj  tliaiiisalT«.  In  nainliig'viilli,  hb  in  the  Bbiin  at  ImOtt 
■nhu,  Iha  •nitlnuei'  shuuM  pliwg  u  Ultlo  depondxace  lu  pmilUe  npoil  monl^ 
■kuu  mynon  npoD  thspoaltlm  flf  thaJBlBU,  Tor  ■lablllly, 

ctinu  UJ  tbi>  incljbhig  uf  ths  JaiQU  iBilri,  (iviibuiit  ina[taT)irUU.  U 


^Ii8  ground. 


u'«,    Tbla  uaj  be  In  ■  gmt  mou 


iliig,  saiisclJly  Id  rruul  ol  Ihe  waU.' 


Tb^  IMieV  d  b  or  the  itmll  BboOld  be  left  roagb, 

th<^«H  ictliig  bcUlid  llie  w.11  tu  iHCunie  mare  nmirly  ve 
vltlllllllMliue.KlllnKiiicreuadBtiiblliEr.    It  alto  canduDoi  t<i  atrallKtll  nottai 

■inis<ifilualaiHi(«pecliilyniiu'Uie  back)  lumcjsntlj  high  lu  ruBsh  up  ttoi 

pnrpoH,    B/  till)  iBMDi  Iha  whole  maainirr  ixuaiaaa  mura  aSaetunlly  InlaHa* 

Diar  ckidbIiC  uf  a  racing  ul  maaunr},  and  a  buktug  Iff  CQOcrate.  I 

SKSS 

ha  bwij  toam  iltdJa/daim  LiL    Ai 

"""s-riiaa 


Agdn',  tbe  neUIement  of  tbe  bKOkinB  ond^r  lt«  mrn  wi 

by  Iha  tramori  proUiicsd  liy  liMvy  Imina  at  high  apwd ;  Ih  enpnnirion  tiy  1 

HW  tBUer  UircHmh  crw^k)  priidiiwt  In  Uia  bacblnic  during  long  dmnghU; 
ia  labrleulng  ictinn  upon  It,  (fliKilntahlng.luJHfttcm,  Updjfl'^gJt  jUI 


&  /nhr/eiu/iig  Ktinn  opon  It,  (fliKilntahlng.luJHfthm,  ivid*l*!Sg-Jt  jUW 
lAHnEfoi/jiiiu  JoM,    rhcutloBof  ttwHacen''\ea\(nH^>t>\.  CniAalAMt' 


I  taditiB  o*ii«4-,  H 


mnu-icincoiu-mai  •ad.>liiie|iuluai>l(liiu>Dii1u  ,'      1.     . 

laHinUieminbiluiolutiuhmiyJIiiri^H:  ulVliEwin  J  '  ^ 


.  S,    After  m  will  n  6  c  o.  Hg  9^  «llh  s  Tert  bank,  hu  b^n  pri^mkttuned  by 
la  in  Art  1,  <t  may  l<e  ronvvrtrd  Into  onr.  wllh  an  •metica 

iU  olnn.  Thit  wilJ  prewBl  jfrentor  rmiilBnce  innynrtiirnlngjurt  j^coq- 
.  Bon  DUteiinl.    Thui,  Ihroiiita  the  center  (  Df  Ihf  hicli,  draw  Hnf  lln*  (A; 

■• '■  ■"-'la  i»lnlo«ny/T™  iimober  of  umI  nurU ;  (Id  Hie  Ig 

Ititn  onf  Hir*  equal  partita  [In  theBKtLirreanE.)  Xttaa 
inr,  Kifl  vert  Unci,  fnt  forming  the  oftsal.,  u  In  l)i>*g. 

incrHUFd  leremge  ud  TEBislsnce;  but  wllbio  OMlimlT 
■erj  >miill ;  and  linM  the  Irlmgle  of  ntpported  aiKh  Ii 

ido/^nridr^biD/The  laereaae  or  tk^^BMa 


III  it  «Ti«l<>n  dm' 
t  nfttetted  wntl.  tl 
iltier,  thna  glring 


■ye  V  a,  Flv  «.  of  the  pres/P,  of  the 

I  utinit  th(9  buck,    TbftCHUT  nf  pTfvmn  of 
wSfn  both  cmsei  Ht  1^  tbe  Tert  height,  meu- 


Hj^BfcJftlti 
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bt  *BFt  WLilli  with  uud.    Thef  ttv  iIkIulihI  (mm  llie  oipwlmenli  Jnal  ■llDdsd' 

nrt  hulgli'  or  tbe  wnJL;  whlcb  UtUc  U  usoniid  to  bell  »iU»4  lbs  Ubla  bai 
*Jtt  tKkLBgof  tUe^Mffleh_fl|(UtMtl]owi.n,ulB  tig  I.    ThMe  ven nlUnu] 


BBTAmnrQ-irALiA 


■Men  iL-d  b)-  y  P.  HT-ting  in  k  ciiV-Hinn  v  P.  M  right  BngL«  w  >he  tMS  em  uf  tho  trl- 
,  nrp  pra       Wtnf  tit  triangle  rf  rarl),  cat  X  ot 


TfdepfA  om  ' 

Rffb  ^  not  langof  llic  iniglt.  ^^ 


'^^  ^  n  "/"•I  baeitng  '^  wri  d^K.  g  i 


2. 
BoiBB  Bppear  to  iwnmt  this  perp  prei  to  Im  the  onlj  nnc  ii-tidg  agnlpil  (lie  buk 

Tier  to  prevent  Ihii  fofct  from  c»u>lng  tha  triiinglB  (if  tiirtb  to  tlMc,  Tit  V*«»  ^■»- 
intng-wall  infyonlof  It,  then,  Imceid  gtiniKoii,  tlioforcn  wTOv"**™!""'!'-''** 

ICM  the  new  force  of  frictim,  brtww.tt  0\b  mow*.  wi*»b» 


W^^                                  EETAINING-WALL3. 

1:3 

]ti  ilirMtiDii.    For  mfely  thia  ilwaW  ftll 

i.idaeorihBbMeadi»laj,noi;t 

.  thui 

MwulWorilwWow. 

■h 

^  la  n«  S.  tbe™  l>  -  mrcluirii*  b  b  o 

^X 

pTtaCfclnit.  slwlng  .waj-  Ir»»  ■.  >l 

\a. 

its  nBt  alopB  a  h.  the  ami  |i»ii  ninintt 

tUsmll  is  BtUlnEd  when  the  «ilth 

nwdiH  to  tl,«  IsTei  ot  iJ,  .h^re  1I.B 

'\\. 

■liil»  ••  =d  uf  mnx  pre.  inlPFK™  llw 

\  \ 

becortlM  DHt  BloiwaJ;  no  lliiil  [f  uf- 

-',  X- 

tRHwd  lie  aartli  Ij  niiMil  to  b.  or  lo 

sv-  :^. 

lay  cmlerbutiht.  no  Bdrlttli>iiiil  pr?' 
Sry^,  thrown  «Bln«  the  b,.A     . 

'    .oA^t 

"sT      ^^"i  *^: — ^'^m 

N.   ^%_\\  ■ 

■k  "Our  own  eipertmonU  Induce  la, 
£ow.ver.  Id  bellere  Ihst  this  i»  aol 

1 

b^  Id  rut,  owing  U  tremors,  tc. 
AgcordlBE  lu  uonloy.  UiB  avvmit 

Eg  9  \C^W 

1 

crtlm  tbeDreticol  obliqae  pna  /P. 

Fig.  a,  7,  »nd  a,  wh™  the«»U  »  ™- 

Bli.is«],(u  in  >ny  of  the  KlK»4.li.B,) 

^ 

mmrlha  finiml  on  lb<  mae  pringlple    

u  vlien  thD  Birlh  !•  leml  wllb  iu 

tDPl  namely,  l»stfad  of  tlie  Iriunale 
iZt  of  -nV.  And  ,ta  »1  of  .,il  ,he -arlh  d 

10fc.FiE»;  d»Jro,TlK5,orarfnFlrc>l 

ludiided  helweeu  the  hKk  or  Itie  wiUI  bd 

tbee]^ormu|,re«;lhei.,u 

In  iba 

Sduf  the  Cungulug  forioulu,  tlie 

^C^'  =  «.=/«.  »w*  X  -^.7^  X  "^^-^^ 

Or  when  the  i«t  elope  i,  \'A  to  I, "  fit 

perfecll)  dry  wnd  or  eutb. 

'  =  wtiaht  0/  Uu 


ynxm  the  eulh  eilfnOB  to  the  rator  sdso  of  the  wait,  the  nniill  Mngknilf.  TIf 
B,  mKrf  ruli  MpoK  M<  Inp  0/  Wa  mill.  Is  utrlected.    Tlie  iNratirm  of  lh«  pree  thna 

■mltted  to  BlnUthsmrylinpartuntlict.  that  it  will  ODIbc  applied  ntKof  the  hiIgM 

tiJnsilcarlb  (brnn  a  compli'le  triimglit    In  other  (!^se^  the  point  of  »nn1li«ton  of 

Hcted  bT  A  line,  A  (,  |hiiiUIo1  Io  Hie  slope  (iid,  V'lg  ».  or  m  I,  Fljn  a.T,  udStof  nn 

nniDdBt  BnL  Thl^chuuga  In  the  poaltlon  of  the  point  of  appllcatioD,  BFTntora- 
pMn  the  grwl  Incroiae  of  Ihickosn  refqlrel  to  meet  !*«  flnil  imall  »unihiir|i«  of 
Mjrtb  ubiiTe  the  tap  of  thn  xilII.  Theea  raiK  the  point  of  MpplicBtlan  coDaiUnbly  , 
Miore  thim  subsequent  onm do.  Thiu,ln  RgS.MppoM  the  surcburgo  tonndioiift- 
to  f  f:  then  the  line  hi,  dreim  throngh  [be  oen  of  eixv  of  the  earth  iiani,  inl 
ninllel  to  nil,  mil  pl^nly  iDtenxtct  ^0  bi 

IatMrtlnelDlen«tnllat 
»itfi  ll«  «nuill  jiirchBrgo 

ehncgu  ii  diwIs  lo  reach  d.  then  the  •srlh  dun,  being,  liken  en,  b  triangle,  the  Una 
ibmngh  IH  aa  of  grs-j-viU  orllie  the  buk  an  at  vt,  M  the  wime  heTght  ne  that 
ttroilJh"on:orlu»erdown,BnL!  Willi  a  s)ii>ritrlnT<Tnge,lhunthnt  through  ifaiif,  , 
AvbT.    TherDllawlngtHMi' ,.'1'      '1'    '...'>    '  ' '..  LoHtiat  bawbothfoiTart  J 
mil*  »Bd  tor  those  "■Ilh.ertl.,>.1.-  ..,,)  „.qaiiwl  lo  prMFOt  P«.J 

JBWBOWbBTIngdlfflTi-Mipn,] '-Mlpree/PnteBtlhleirelJ 

,  •rilfc  ttw  lop  of  the  wBll.    «>i,..  .iita,  ihntotherpreiiHirt*! 

IMdM  thele  theoretinil  ones  .1,1,  Miy  of  the«  WBlli  mBy  bal 

MnTerUil  into  olhem   with  <<r1-.  <  .-i  in  Art  3.    NolHlIb- | 


BE1U.IKIllQ-WALi:& 


TABCE  8. 
Wnll  of  vul-Htone.  or  ffrHl-elnim  rubble.  In  mt 
liiK  130  Ibn  per  rub  ft.     BRFkinte  »r  dry 
esrtli,  Hloplnic  nt  lU  to  1,  or  wll.h  n  nitturnl  slope 
■ud  HelwAlnr  *""  " "  ■ — ■  — ' 


K  1»0  llw  per  call  f 


nndirMBfr. 

,e  sr  S3'''4S'ti 

leiel  wllb  lop  of  iriUI. 


v.rt 

.^;T4n;T,:|jr.i?siiH?£. 

"".l!n 

X™w»'£'=iflr?5.."bi=S'fc5t- 

U        " 

.11 J 

■"* 

.m 

-w. 

'a 

W»ll  of  brickwork,  or  of  dry  rnbble,  welKblng  IIS  Iba  pem  • 


In  carrylnK  n  rond  slonv  <l>ni 

reUior  bB  [empled  at  III '-  ■■-  -       - 

the  OBntrirug^  foniB  of  a 
•fiingBrnai  aiae.  tholUi  m 


The  dangBron*  pies  twiael  ^ 


BBTAIRIMQ-WALU. 


.0  bo  applied  aI  %  at  I 
WhMrrwKlliiKnikn 
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(ht  traoi  lliQ  Iwttoin ;  dot  MddiI,  «in  It  t>a 

■r  In  friMit  hiilp»  Ic^  BDiKAln  tijea.  Tlw^Huth 
d  v)tb  wucr.  snieclii.iy'  bclgif  lfi<r-*Bter 


illr  rmlncH  Its  mlglit,  nd 

-'-"'■-lUs  friction  of  tin. 
I,  it  tbg  nniDdlltldo 


'.  im-l'li-rUHitali  Mdln'SdoiH  lomL  

inciiiii.ii"rii..M'k«iuii.uiDngi.   a»  Atia. 


mt  #L).hkLT  ■«    iLi    1^  fit  Iti  llH^t  ftlHrl]  IniDUd.     tn  -nm*  E^K*.  ptrKkDeb kSatuWu 
H  bahiillt  fir  Che  TnrptHP,    TMt  iliaga  be  itbK  buirdrd  IdId  Oe  okLIt 
1^  ina  ''  Ui>  enrUi  Wnni  vlll  tonBih  nriucrd.  If  ila  Ini  •■•  ML  ir  tu  UhUi 
tUlpilirlilln,  MtiBnnlldiM  bf  kBlu  uk«  hf  tbc  BimDi  WUnil  or  uiMiniiai 

i.  Va  alianH  a  vert  rctelnlnK-x*!' 
lA  ftiee,  itIiIbIi  akBll  pnweut  nn 
t   ttTartarnlair  I    alUHtPirh    reqnlrl 

itellBHa  Mnand  a.  tntaHAtriiuttlnn  of  pn 

■  mi,  Ftg  1U,   b*  tha  verl  walL     Hult  iU 
J  U'2»i  IhB  pr.»l  will  ba  «ie  bwu  oe,DfB  , 

e»«116fli.pniiMMingtlWBUM«tiiWrilri  .I; 
»r«|iiltinKniiiiiUnn>™UuuihRlfibBin»-  ^' 
*«v.rtlo«l  onr.  BeoRml.  Tbiilslng  ^ 
foH  mnll  Id  bo  d«li«l  ollh  a  be*  batter,       -i^ 


i.    Va  alianH  a  vert  rctalnlnK-XHlli  Inla  one  wllb  > 
lA   ftiee.    irnlBli    akBll    prmieut    nn   equal   reslataBe* 
t   avertarnlnir  I    alUHtPirh    reqnlrlnB  Idwi  m^aoMry. 
'-^-illBHat*na"da  tntaHAtriaatlnn  of  prwHle.    (OHkIiuI.) 
;t_^1g_1U,   b»_lhfl  verl  WBlL     Hult  it* 

lltBW'rllr'l     _,^  4? 


Uil  ffno  the  nriptr  one  m,  ili-p  off  ono 
■BroxlBiateljr  tbs  roiid  wall;  Lot  ■  littlo 

wmll.    Oi>[  lli;  la  inwn  In  na  Mucgmtsd 


F^O 


Ttt     F 


Art.  0.   A  retnlBlnK-HKlI   miw  ■■Ida.  wtUamrt 

-r..  >  ■  a       laMlnK-  lU  vertlcnilty  i  buiI,  indeed,  wiibgai  hdt  ibwni 

ili  IjL      or  being  ovDrtonied.    TliigliTorfspt  to  Dcour  tr  It  la  bolltnpo*' i 

■5  ■  hor  wDodBii  pliilfonn;  ur  upuj.  ..  lerol  lurf  of  ™t,  or  eCk 

vtliunit  othaFmeana  Cbmi  mun  tiictlou  topmBuOlMmg.    Tti[>  DiBf  bcobrkl?  ' 

^liMillnlng  the  l«iw,ia  In  rig  l;  Lvfonndlug  tbR  wull  at  turh  a  depth  H  IDWI 

urn  or  man  linei  of  atniDK  beauu  to  Ite  upper  lorf,  uma  Ilis  dlrerttiui  tn  nkW 
■lldlnE  wimlil  rnkK  nliu*.    Od  «  lM»  mrrnf  Dolit  cLiir,  rriistlDii  miij  bKoone-u  Inart 
nadrymrih.lt  M abDiit  1^  to ^ :  mid  odnndarRnnto 
tiont  iita%.    The  Mnton  dT  in>u<>oi7  oa  ■  woaditf 
pklforni,  l>  ^nt  ^^  df  tba  vl,  If  di? ;  uid  j^  If  ««l,   ' 
<'«niitorn>rta,i)»wiiDpiuiieiiAritii,  SBBdBK  I 

bsiiitl>><itIIWBHKDrr.   ThBUVaLa  irttikmnUil  •  nr>  imU]  •dalLkii  in  uu  bumf  ■  ^^U^  i 

lu  todm  taDMb;  Klti  lilt  Ue  Jafvf  tblr4  «rUJ  Inlfbt    gauqiorraru  u 

kLliaU;ua(bUlliglrpii>l1UI<lII»nllTlriaiijr:l>r,Driiurll»-  Tbr]  (rull • 'isi^^iul 
Mb  tnlniitnlibUi.  ug  Mlilom  bkI.  claslit  u  m  nni«lr<>bn •  mi  [> mo  u  ts  rilllBf. 
UUid-ilU,  «-  Uai  rod!  ot  Iron,  bus  bsm  imFtoiid  u  ■  vkeibEn  fu  iqilHitdliiii 

ttMnlalBB'  walU  wllta'onrveal  DroflleaimiiinUiinMbnBwriTM 

UHIMnuaKDilneer  ii(4|d«IiuIUIdi  UiBm,    Aliisuib  luiDUiiDid  >>;  lb>  pruuggbr  aiwi 

wt>  u  tsniwiiDibi  iDp.1  Dcnrp  revetiiienli  n 


reTetin«>nt.    ■ 

d,  bdisMg.'abilalHiihibS  I 

Ar^  11.  Oar  own  experlaienta  IhuI  iu  la  lieli 
limiuiiIiuittbB  tAckuf  awiJI.  rnimdrj'und.aB.  leiBl  vltli  the  top,  i* 
diinlB&hedbynidiic-lng  thewidthfcwot  lbs  nnd,  unttl  It  bcconiM  abo" 
□f  Ihedlnav.piTtiuDlnelo  tliuHnBUmiioornBtunililope.  With  It 
ItmlL,  the  pFSB  wss  pliiliilv  dim  I  nil  bed.  It  itunld  tbcrelhre  ■Mm  lu  be  i 
KUikaiintaluliig-Hiill  tbin,  merely  liecuus  tho  buklngdom  noI  eittBi 

Table  4>  ore<iiit«iila  in  eabyardH  for  encb  foot  In  leni. 
««■  reMlnlaE-wnlla.  with  a  thJakbeM  nt  hue  eqiul  u  .*  or  the  nn  hd^CJ 
JWhi  hultor,  Iliinchua  lo  >  foot;  or  Wtb  of  the  balphl.  Buk  eillierTert.or«i.i55il 
Koordlngln  (be  rnlB  in  Arts,  FlgS.  When  not  itnpiied,  the  Ihleknen  of  nch  «i  I 
•^'"'Dpi'-^fSoflhe  height;  nodal  the  ididdlo.J.1BSorthehi.lght.    KiperfeiMt. 

M  Itol.VV^llli'Io^'he  "'toSS'edT  """  '""^  ""^  ""  '"*'■    *"*"  "  "**"*'  •* 

g»P-n.   ir  U» toiler  ii  M  inob  w a n. mou hi \.\m:  «  wt 
SKiBaUhrl.ISS;  or  lODGhlj.aldaulttBlHiaiaB  \»V> 


BSaSS  BRIDGES, 
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STONE  BEIDGES. 


Art.1.  IninuchUi.ngl.  ChediitiDlgwIlgdltaspnnt  I'a  lu  rlB«t  Mt 
erownt  ita lower  buuni)ar7lins,'ao.ttaHtlllt, or lntrlul*M;  theupptroiii 
Ttr,  ill  ba«k,  orextrsdos.    The  tenor  Botnt  Bnd  btck  nre  alto  applied  to  ■!> 

t^ibowiogu'HHa  cumprlsed  IteLwHen  iuiutr&d«aDdeitnM]<iii,Hraiia  Ikeea;  thiii 
tbeHmtrfraifl  a  face.  The  husUDed  flurfiicai  or  julnb*  fi,rn,  ii)»un  winch  tha^cj 
ol  the  uch  teal,  or  trnm  wbich  llie  i>ii:h  ipnngi,  are  the  BkewlMMkB>    Lloai 

edgM  of  In  iKct,  (sTB  nn,  FlE'2^)uet)ieB|irlii|[lin  lln'm,  or  •itrTnva.  Thi 
block!  orvhlch  theari;li  lis^rii  cooipgaed.*aK  thenrcn-aMDCS.  or  vanBBelra. 
The  cantor  Olio,  la.  Is  Hip  keystaBCi  undihe  lowntonnr  ii.  the  mpri acent. 
The  lann  aTchilBck  minM  be  sabaunited  6it  vonHnlr.  uid  like  11  waiilil  apnlj  ri 
brickorothecinnlFrlHLas  well  ai  loatone.  The  parte  fr,tr,ar<'  lite  hnnnpliVBi 
and  the  iisixs  1  r  1, 1  r  b,  aboTe  theK,  are  the  ■iHtiMlFelB.  Thr  miilerlal  dpposite^ 
In  these  tpaucgle  tlie  Biumdrel  flUlBBt  n  la  aomotluee  earth,  souetioiea  ma 
•ourj;  orpartly  of  Hicfi,  aalnFlgl. 

The  only  arcbea 

;!  (often  callea  augmciitulj ;  ai»l 
.  theelUpUc 

Art.  a.  To  And  tke 
depUl  oTkCTfitnne  for 
««it-a(i>iie  arches, 
whether  ctrenlar  or 
•IllptlC*  (Original.) 

TInd  the  nvl  ce,  Fig  1,  which 
will  touch  th«  r.TQh  at  s.  n,  and 
e.  Add  together  thli  lad.  and 
JU^f  the  ipajt  ~       -  «     '  ■ 


BTONE  BBISOIS. 
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An.  8.   The  koTt 


cement  bu  not  beon  found  lo  preisut  lonka,  HbeUHrU 
f  the  arch ;  or  by  ci>iil»otlon  and  eipudon  nnlur  una 


Jolnta  Itom  cmmMiug. 
Arl.S.    The  keTHtouea  Ibr  ■■••««  plllptle  srrlicBti)' ihebiWoii-' 
.  kbwen,  •pprar  genpnilTj  lo  be  about  '/i,  pun  deeper  fbao  our  mlo  iwiuirM;  or  Ihu|, 
AeonMOared  uemiHiry  for  circular  ones  of  the  nmt  fta  and  rlir.   Va  do  not.  heWn 
~  '  '     Ibli.    The  elllplic  an-h,  villi  Iti  epundnl  lllliw 


flg.l4  pMtelh  «"l'b"'k™  and  at'lhe  *nti.- 
barli.    8ee  Landon,  Olonoealer,    Had 


TAHIiE  or  keyalonen  nir  itFchn*  nr  Hntl^elKMi  entH 


SE   BBIDGEa. 
TABI.I:  ».    (OrigiiwL) 


Trrulnr  or  elliptic    (Orl^nn 
.       mi'iii.  of  Xiieaty  with  ihoM  cT  ™.ii. 

illaled  isnljact,  In  n  Hwiple  nnd  FellaMc  workinipriililflitFf 
I«tl  ttrldwe-bntiaw*.  Thli  ti  all  thai  ha  cMms  fnr  IC  HondnuMncil 
■InipUcttT.ltlatliereBnIEOCmiublilMT  on  his  part  lltpplLei^^iuillj'toUieiB 
mlTarttftnd  to-tlm  UrgiaaCbrtd^ei  wbaterer  nu^  be  the  proportiwH  m  ■( 

Dud  touilH-l^btDfBbiiCvhBtever,  IE  aiipllH  ■]iio  10  ■)]  the  una]  meth 

■boTB  ibc  uch :  whvther  with  mild  muaurir  to  the  IbtcI  */,  tlgi,  ot  Oitlcip  of  On 

punlltlnoiBanl-waUisitwi'dlBBlD  (lisbwkDf  t'hB  sbnC,  as  in  Fig  !}{.    ilOtimftl 
tits  Miilifno  iif  an  abut  unmot  renuln  pndHlj  th«  ume  andnriill  thMo  oondltlow 
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fmn  Old  (wnlaf  bridgs.  Aithoat  any  dependence  spon  the  »nh  behind  thus  ibal 
U  tha  uebM  IxKoine  !«■,  and  conieqiieDtly  the  Wt  of  t^a  liwd  iKcninBa  giHler  ill 
propoitkiiL  to  thutof  tliaarrh,  and  oribefiLlinEabova  l^MtwUt  d^ptiid  morenml 

et^ar(lviiKth*iilltcrnnnIrangiuit  thliAmnK,    It'iaUl  tli 
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thirds  of  the  corresponding  vert  height  05,  and  draw  gp.  Then  will  the  thicknf.u 
o  n  or  ey  be  that  at  tlie  HpruiKing  line  of  the  given  circnlar  or  elliptic  arch  of  any 
rise  and  span;  and  the  Uuegp  will  be  the  back  of  the  abut;  provided  its  height  o» 
does  not  exceed  1^  times  spi  or  in  other  words,  provided  »p  ia  not  lesd  than  %  of 
o  t.  In  practice,  tp  will  rarely  exceed  this  limit ;  and  only  in  arches  of  considerable 
rise.  But  if  it  should,  aa  for  instance  at  0  7,  then  make  the  base  qu  equal  to  gp,  added 
to  ono-fonrth  of  the  additional  height  sq;  and  draw  the  back  uw,  parallel  to  gp; 
and  extending  to  the  same  height,  Sc,  as  in  Fig  2.  If,  however,  this  addition  of  ^ 
of  tq  should  in  any  case  give  a  base  <?  u.  less  than  one-half  the  total  height  oq,  (which 
will  very  rarely  liapi>cn  in  practice,)  then  make  qu  equal  to  half  paid  total  height; 
drawing  the  back  parallel  to  gp^  and  extending  it  to  tiie  same  height  as  liefore.  The 
additional  thicknesses  thus  found  below  «j9,  have  reference  rather  to  the  pres  of  the 
earth  behind  the  abut,  than  to  the  thrust  of  the  arch.  In  a  very  high  abut,  the  inner 
line  gp  would  give  a  thickness  too  slight  to  sustain  this  earth  safely. 

When  the  height  o  by  Fig  2,  of  the  abut  is  less  than  the  thickness  on  at  spring,  a 
■mall  saving  of  masonry  (not  worth  attending  to,  except  in  large  flat  arches)  may  be 
effected  by  reducing  the  thickness  of  the  abut  throughout,  thus:  Make  ok  equal  to 
on,  and  draw  kl.  Make  oz  equal  to  %  of  on,  and  draw  Iz.  Tlien,  for  any  height 
06  of  abut  less  than  on,  draw  Ur,  terminating  in  Iz.  This  bv  will  be  sufficient  base, 
if  tlie  foundations  are  firm.  The  back  of  the  abut  will  be  drawn  upward  Ax>m  v, 
parallel  to  g  p,  and  terminating  at  the  same  height  as  ^  or  to. 

Rem.  1.  All  the  abuts  thus  found  will  (with  the  provisions  in  Art  6)  he  safe, 
without  any  dependence  upon  the  wing-walls ;  no  matter  how  high  the  embkt  may 
extend  above  the  top  of  the  arch.  If  the  bridge  is  narrow,  and  the  inner  faces  of 
the  wing-walls  are  consequently  brought  so  near  together  as  to  afford  material  as- 
sistance to  the  abuts,  the  latter  may  be  made  thinner;  but  to  what  extent,  must 
depend  upon  the  Judgment  of  the  engineer. 

We,  however,  eaution  the  yoang  practitioner  to  be  eareftil  how  he  adopts  dimensions  Icrh  than  those 
given  liy  oor  rule.  •  There  are  certain  practical  con M deration 8.  8ach  as  carelesflness  of  workmanship ; 
newness  of  the  mortar ;  danger  of  undue  strains  when  removing  the  centers ;  liahiMiy  of  derange* 
nient  daring  the  process  of  depositing  the  earth  behind  the  abuts,  and  over  the  arch ;  &c,  which  most 
not  be  overlooked ;  although  it  Is  impossible  to  reduce  them  to  calculation. 

Wlienever  it  can  be  done,  the  centers  should  remain  in  place  until  the  embkt  Is  finished;  and  for 
■ome  time  afterward,  to  allow  the  mortar  to  set  well. 

Rkm.  S.  a  good  deal  of  libert.v  Is  sometimes  Uken.  In  reducing  the  quantity  of  masonry  above  the 
Rpringlng  line  of  arches  of  cons'ldernble  rise,  and  of  moderate  spans.  When  care  is  taken  to  leave 
the  centers  standing  until  the  earth  filling  is  completed  above  the  arch,  and  behind  Its  abut».  so  that 
It  may  not  be  deranged  bv  aocident  during  that  operation ;  and  when  good  cement  is  used  instead  of 
common  mortar,  such  experiments  may  be  tried  with  comparative  safety ;  especially  with  culvert 
arches.  In  which  the  depth  of  arch-stones  is  great  in  proportion  to  the  span.  They  muMt.  however,  be 
left  to  the  Judgment  of  the  engineer  In  charge ;  as  no  specific  rules  can  be  laid  down  for  them.  They 
ean  hardly  be  regarded  as  legitimate  practice,  and  we  cannot  recommend  them.  We  have  known 
nearly  semtoiroular  arches,  of  30  to  40  ft  span,  to  be  thus  built  suooessfblly,  with  scarcely  a  particle 
of  maaonry  above  the  springs  to  back  them.  Such  arches,  however,  are  apt  to  fall.  If  at  any  future 
period  the  earth  filling  is  removed,  without  Uking  the  precaution  to  first  build  a  center  or  some  other 
support  for  them.  Even  when  the  enihkt  can  be  finished  before  the  centers  are  removed,  we  cannot 
recommend  (and  that  only  in  small  spans)  to  do  leta  than  to  make  n  g.  Fig  2,  equal  to  ^  of  the  total 
height  <  t  of  the  arch  ;  and  from  g  so  found,  to  draw  a  straight  line  touching  the  back  of  the  arch  a« 
high  up  as  possible. 

Rkm.  3.  We  have  said  nothing  about  batterinsr  tlie  faces  of  the  abnts, 

becanse  in  the  crossing  of  streams,  the  batter  either  diminishes  the  water-May ;  or 
reqniree  a  greater  span  of  arch.  Such  a  batter,  however,  to  the  extent  of  from  J^ 
to  1^  ins  to  a  ft,  is  useful,  like  the  offtets,  for  distributing  the  wt  of  the  structure, 
and  its  embkt,  over  a  greater  area  of  fonndation ;  especially  when  the  last  is  not 
naturally  very  firm ;  or  when  the  embkt  extends  to  a  considerable  height  above  the 
arch.  In  our  tables,  Nos  3  and  5,  of  approximate  quantities  of  niationi-y  in  semi- 
circnlar  bridges  of  from  2  to  50  ft  span,  the  faces  are  supposed  to  be  vert. 

Art.  5,  Abntment-piers.  When  a  bridge  consists  of  several  arches  sus- 
tained by  piers  of  only  the  usual  thickness,  if  one  arch  should  by  accident  of  flood, 
or  otherwise,  be  destroyed,  the  adjacent  ones  would  overturn  the  piers ;  and  arch 
after  arch  would  then  fall.  To  prevent  this,  it  is  usual  in  important  bridges  to  make 
some  of  the  piers  sufficiently  thick  to  resist  the  pres  of  the  adjacent  arches,  in  case 
of  such  an  accident ;  and  thus  preserve  at  least  a  portion  of  the  bridge  from  rtdn. 
Such  are  called  abutment-piers. 

Rsd       Risfi 
Oor  fonnala of  —  ^-  —     -|-  2  ft,  for  the  thicknesi  at  spring;  with  the  *a«k  battering  as  before, 

at  the  rate  of  JU  of  the  span  to  the  rise ;  ffcee  vert ;  will  of  Itself  (toithout  otyr  modijlcation  /br  great 
JMahU)  give  a  perfectly  safe  abut- pier,  for  any  unloaded  bT\d?e ;  anA  lo  axi's  Yvft\%Yv\.  ^wXi^-Van*^  \  «i-w 
nvmrd  helag  bad,  however,  to  the  ooosfderatlon  alluded  to  In  t\ie  ncx\.  xn.  TYvxv*,  ^^"^ .'ij'  *ta<(vvv^ 
m*  htgb  am  og.  Fig  i;  or  of  any  greater  height ;  it  Is  only  neeeiaari  ^t«X.  Vj  ^LXift.  vV%  vVVcXxvw  o  ^ 
i^uiag  aa  belbre ;  and  then  draw  tba  battered  back  o  n  p :  extendVna  \t  doww  u>  VXvt  >rw»  *.\.  \s  , 
ou$  mSUlag  Hoftha  additfoaaJ  Ji«f(bt  c  q.    ThU  addition  U  i&a&«  Vn  «v*  <»**  «^  »Xixix*A^».^ 
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wholly  of  solid  maiionry ;    althongh  both  its  atnmmt^  nnd  its  direction,  will  diffc 
•oniKwliat  according  ao  one  or  tiie  other  of  these  modes  of  filling  is  adopted.* 

Tha  elliptlo  form  is  plainly  anfkvorable  for  oniting  tb«  aroh-atones  with  the  Inolincd  masonry  nei 
Um  sprlnga,  ao  as  to  rooeive  the  line  of  throat  properly ;  or  at  right  angles  to  itii  direction.  In  ord 
aaea  this  difflcalty  may  be  overoome  by  waking  the  Joints  of  only  the  outride  or  abowing  arc: 
to  eonform  to  the  elliptic  curve ;  as  between  e  and  a ;  while  the  Joints  of  the  Inner  or  biddi 
,  nwv  have  the  direetlons  shown  between  g  and  u,  nearly  at  right  angles  to  the  line  of  thrust. 
vUl  rarely  happen,  however,  that  the  young  engineer  will  have  U>  oonstruct  elliptic  arches  of  suf 
stoat  magnitade  to  require  either  this,  or  any  equivalent  expedient.  For  spans  leas  than  60  ft,  with  ri» 
■ot  iMS  than  about  4  of  Um  span,  Bothiag  of  the  kind  is  actually  necessary,  if  the  mortar  is  good,  ax 
kM  ttnM  to  harden.? 

In  order  to  incline  the  masonry  of  any  abut  with  scrnpulous  arcnracy.  it  wonl 
be  iiacetwary  first  to  trace  the  curved  line  of  pres  of  the  given  urch,  a8  directed  i 
Art  7si  of  Vorcu  in  Rigid  BtMlies,  so  as  to  arrange  the  liedri  of  th<>  Ht(»n<>8  at  right  ungli 
to  It  at  every  jfoint  of  its  course ;  but  we  offer  the  following  prtK-eBH  as  Riiflicing  for  a 
ordinary  practical  purposes ;  while  its  siniplicity  places  it  within  the  reach  of  the  cor 
mon  mas(»n.  In  actual  bridges  the  direction  of  the  line  of  thrust  changCH  as  the  Ion 
Is  iiassing:  therefore,  In  practice  no  given  degree  of  inclination  of  the  abut  niasoni 
can  conform  to  it  precisely  during  the  entire  passage.  Consequently,  any  excels  < 
relluenicnt  in  this  particular,  becomes  simply  ridiculous;  especially  in  sinall  span 

Bole  Ibr  Incliniiic'  tbe  beds  of  tbe  maiKOiirjr  In  the  iibati 

Add  together  the  rod  c  m.  Fig  4;  and  the  span  of  the  arch.  Div  the  sum  by  5.  1 
the  quot  add  3  ft.  Make  o  /,  on  the  rod,  equal  to  the  last  sum.  Then  into,  eentr 
point,  toward  which  to  draw  the  directions  of  the  beds,  »s  in  the  fig.  Draw  <  s  bo 
and  from  <  as  a  center,  describe  the  arc  oy;  o  l)cing  the  center  of  the  uniform  depi 
of  the  arch.  From  f  lay  off  on  the  arc  the  dist  y  n,  eciual  to  one-nixth  ])art  of  t  j 
draw  tna.  It  will  never  be  nre^uary  to  incline  tlie  niaxonry  below  this  t  n 
Neither  need  the  inclination  extend  entirely  to  the  face  m  i  of  the  abut ;  Imt  mti 
stop  at  «,  about  half-way  between  t  and  n.  From  e  ujiward,  the  inclination  mi 
extend  forward  to  the  line  e  m. 


*  It  will  be  seen  that  In  consequence  of  the  more  sudden  curvature  of  an  elliptic  arcfa,  near  tl 
part*  a  and  h.  the  dotted  lino  of  thrust  in  Fig  4J^  may  pass  entirely  out  ft-oro  the  arcb-i>tones  st  tho 
points,  and  enter  again  below.  Thia  csuaes  a  tendency  In  tbe  parta  of  the  arch  in  that  vicinity 
rUe:  and  thua  permit  the  portioua  near  the  crown  o,  to  deacrad.  If  the  arch  in  Fin  4>i  wert>  a  ce 
aunt  of  a  circle,  the  direction  of  the  line  of  throat  would  become  but  little  changrd  ;  and  the  an 
wosld  oonaeqoontly  coincide  with  It  more  nearly  than  In  the  elliptic  one;  and  hence  would  be  mo 
Stable  than  this  last.  If  the  arch  la  a  /Wf  aemieireU,  with  atonen  of  ordinary  depth,  the  line 
tliniitwill  pass  out  of  it,  and  into  it  again,  as  in  the  elliptic  one;  pro«lucinff  the  anme  deranging  te: 
dMloy.  Ree  Bern  S,  p  4M,  of  Force  In  Rigid  Bodies.  Bo  long  aa  tbeintradoit  in  elliptic,  or  a  fall  aen 
elrole,  with  kcvatones  of  the  ordinary  proportiona,  no  Increaae  in  tbe  depth  of  the  arohatonea  fro 
lbs  key  toward  the  apringii,  will  prevent  the  line  of  thruat  from  ihna  falliiiK  below  the  arch  :  or  ev4 
■mtarlally  change  ita  din>ctinn  in  an  actual  bridge.  Thua.  if  in  Fig  fVj,  tbe  depth  of  tbe  archa«on 
were  increased  Uiward  the  apringa.  even  aa  much  aa  is  ahown  by  the  dotted  line  w  «,  the  line  rf  thru 
la  the  finished  bridge  would  still  be  along  the  dotted  line  o  an;  tbe  greater  depth  i>erTlnir  merely 
distribute  the  thruat  over  a  greater  area.  If.  instead  of  solid  piaaonry.  a  hollow  vault  were  conntrneti 
atwto  support  the  roadway,  the  line  of  thruat  at  a  would  rise  a  little:  and  by  thna  building  »«■ 
porta  of  tbe  apandrels  hnllow,  and  other  parta  aolid.  much  may  bi*  dcme  In  the  way  of  keepini;  th?  lii 
of  thrust  within  the  arch-atone*.  The  asme  could'  he  accompli<hvd  tiy  prtatly  increasing  the  «1epi 
of  M  the  arch-atones;  for  in  that  case  a  line  parallel  to  o  a  n,  i.ud  rnrainfr  through  the  center  of  tl 
daptb  of  tha  new  kevatono.  as  well  as  that  of  the  new  aprlnger,  would  everywhere  fall  arflAin  the  are 
stone* :  although  not  to  the  same  extent  In  all  of  them.  This  may.  in  fact.  I«  the  rrsaon  for  tbe  gre 
depth  of  key  in  elliptic  arches,  referred  to  a  few  pages  bock.  In  caiic-i  where  appearance  may  be  Ha 
rifleed  to  atrength.  we  might  first  find(bv  Rem  3,  p4S8,  of  Force  in  Rigid  Bodies.)  tbe  lineof  thruHti 
preunre  of  a  reqnirod  arch  ;  and  if.  aa  in  Fig  4M  aboTe.  it  does  not  fall  well  within  the  sroh-atona 
w«  nay  arrange  the  latter  ao  aa  to  eoincide  witV  it.  Such  a  change  in  the  arch-atonea  would  of  cour: 
la  tnrn  alightly  change  tho  direction  of  the  line  of  tbmat :  but  in  ordinary  practice  thia  might  1 
nested.  Aa  a  general  rule,  the  change  In  the  ahape  of  the  arch  would  be  deteoted  by  but  few  pe 
foo«:  nor  Indeed,  does  It  follow  that  the  new  curve  must  he  at  nil  ungraceful. 

As  a  ai>gment  arch  becomes  more  flnt.  the  line  of  thruat  ooincldeii  more  nearly  with  the  arch-atone 
The  writer  draws  the  following  inference,  fW»m  the  reaulta  with  many  of  his  own  diagrama.  Fro 
the  oent«*r  c.  Fig  \H.  ft^m  which  anv  segmental  arch  who«e  rise  does  not  exwd  .4  of  ita  apan. 
deaeribed.  draw  two  llnea  eo.co.  forming  angles  of  25°  with  c  a.  Then  ani.posing  the  depth  of  tl 
kevatnne  to  he  aoeording  to  our  rule,  make  the  depths  of  the  arch-atonea  between  o  and  «,  everywhe^ 
equal  to  1«  timea  that  of  the  kev.  From  the  key  Increaae  the  depth  gradually  to  o  and  o.  Then  »i 
the  theomleal  lineof  thrust  of  the  arch  (supposed  to  he  filled  up  to  the  level  of  n  «>  everywhere  f« 
within  the  actnnl  arch-atonea:  n'»where  approaohlnir  their  extradoa  or  Intrados  nearer  than  anout  . 
of  lh#»  depth  of  the  arch  at  the  aame  point :  and  this  will  be  the  caac  whether  the  filling  be  either  eartl 
or  aolid  roaaonrv :  or  of  parallel  anandrel  walla :  or  partlv  of  ma«onrv.  and  partly  of  earth  ;  both  at 
posed  as  Indicated  by  the  lino  <i.  f.  or  i.  to :  althongh  both  the  direction  and  intenaity  of  tbe  line  < 
thruat  will  of  ooqraevary  aUuhtly  under  these  difTeront  conditions.  This  appears  to  the  writer 
his  an  important  flaot  in  practlco.  as  regarda  angmental  arches  of  great  apana. 

t  Tbe  fast  of  both  elliptic  and  aemlcircular  arohea  are  alwavamKAis  Y\«t*. '^xWV\*\\'»\TwVct<tsv^ 

44.  that  Ihia  praetlfle  !•  at  varlnaee  wifh  correct  principles  of  atahWYtv  w  lYvft  cti'^»  «>l  VV*-  ♦\Nv\>'-^" 

in  tbe  Mine  In  the  MemMrcle.    fn  onffnnrv  bridges  of  the  Intter  Torrn,  Wvft  "v^tv  vv»'«.  «*v  "ssvX^Vvt* 

en  emat  fkewhrnek.  In  fmafhlj  Hpeuking)  asoally  about  frMtiliH  ^n  *  iVmw*  \Vv».Y\wc  vtv»  wci  w  ' 

nmi  ^Mml  pry  /«  ahmtt  4  tlmeti  as  great  a«  the  prea  on  tbe  Uevttone.  T^\fT»^«^T*'  ♦  ^^TlVw 

a*o«Af  b»  imeHamI  mt  tbo  rats  of  nboal  1  vert  to  4  hor.  8m  Example  1,  V  *i»»  «^  '  oTCfcXtx^'^* 


BTOHE  B&IDGES. 


•  EiMDdiri  •liuul  duiH'.     Bflll.  •!•«  ■  OHUlpiilfl^S 


3^.    AEthxRiotof  nwhcolT 
^^■»»eili«,  Inclncrii.a  Iheir 


nose  BBtiraES, 


Although  lh«  thlcknew  of  olng— i^Ia  Inc! 


pnforftblt,  being  !«« 


iped  t(igclbetwiILiioii,ii;il  bulled 


lilt.  2.    Tbe  Uibl««  nhow  the  Isespedlencr  of  loo  olneb  con- 
KCtlnii  tlie  wtdtli  of  WBtei^wny,  with  a  viD>  to  pcomim.v.  by  niDptinK 


Bn1|T,lEinl-Fruiirordliii^  ]FaBiIi,  ibVipin  liirll.  -iTDfii  usdrnu  Unlii,  bu  «iii|:aniKrir 

iHHHlni  Iba  munr;  «(  Uu  lirlil(S  lial  ^U  put- 
Em.  3.    Ptutlj  for  th«  ume  nuoD,  bdiI  i*Tt]j  bnsiiM  the  cnlverfa  fitr  • 
»Bble-(nM!k  rood  itre  aot  twice  wt  I»dk  na  thwie  fttraHlnKi*- 

ta •bunt  from  '/i^% P"*  ■'ore  thu  Ifaal  for  the  Isller:  to  thtt  il  freqninlly 
COEDS  eipedLent  to  JtnitA  the  culvorte  at  ones  to  the  fult  length  reqnind  A>r  ■ 
al>]«  tnck,  ■LthcHigfi  the  embfete  mnir''  ^tvt  be  mhd««Hte  enough  for  on?y  n 

«  fBH  b  ba,  ud  10  ft  lout  htlfbt;  and  n«>i  ■  Bve  doDUlbt,  bjr  Tvlitot.  llffnbrdi.    Fcra 

n>M«  S,  «r  nppFoslHHle  ■nmker*  of  cuh  jAn  ormiMoary 
Br  C**t  ran.  cOBtMlnMl  In  the  arclien  snd  Hbniiaenlii  only,  u 

own  In  FlKl  (omtltinn  wlng»,  enil  th*  bpainlrel-Kiilli  oter  Itae  (KCH  nf  Uiemcchee) 
•emlcfrciilar  culrerts  ud  bridgeB.  of  front  S  to  bO  ft  span,  end  of  differpnl  total 

m  conUlna  leai  maaonry  tlian  one  Df  imilller  ipu,  vihai  Mar  li*al  hhghlt  src  Uh 
mt.    Then  It  %  liberal  ullowsnce  for  IbolinES  or  offteli  at  the  taetg  oT  the  ■bnti. 
le  qwmlltlei  glTen  in  tbla  table  are  genenlTy  (light]}  in  tuxm  oS  the  tntb. 
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InUU>c«t  qnnUtiHftiw  tbstnUv,  tnt  iaoilBd  tkii:Ui«kil(blaf  th* 


Iba  tulghti  wa  taken 


™  ^ghi  m  ^b^<r  miU  ^  JM,  wVlt^i  14 


- .__he!Khl  ■«,».. , 

DU  tM  reodiLy  tuned  bj  the  ubls  in  thst  cue  ■!».  Tfana  tnppixe  tb>  livtrhl 
iwiag>H[i>neemlt(il»SOft.Biid  ol  th*  other  end  Bfl:  we  Liie  nnlj  Id  gab- 
Ibe  Ikbulu  cnnteul  Tor  g  ft  high.  Item  tbat  tbr  SO  ft  hiik.  Tliu,  81S_14.«^ 
nib  Jdfl  required  content. 

n  the  pre«ure  Iitim  emlmnkmenlH  ipHcblng  Sv  ehore  thetr  tope,  Ihej  ifaaald, 
nUnHi7  renin  In  g-walle,  be  medii  mnch  (bicker  In  Iliil  cue,  Bui  Ite  Act  tbRt 
torlve  gr»t  edditlDDHl  elubillly  fnm  being  nnlled  at  ibelr  high  ende  id  the 
at  the  bridge  or  cnlTsit.  reodeni  »nch  Increue  nuBMeeHr;  nbf  ■  prepoiiioned 


•eW^rtBeenk.vheaibaFKrih  n'ubH  t«  ■  fml  bel|hl  »b«Ti  IbF  Up;'>rv*l4«4  Ibsi 
n.  bMU*' ef  bilnc  eplftred  or  Ouad  «!.  H  at  *#,■■.  bitreU  lorM  ■inlibl  pnTsagkiloDB 
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TMble  1.  Appmxlmitlv  pnnlenW  In  rnUlc  ynrdit,  of  cmB 
plei«  oeinlclrrular  enlvcits  nnil  lirMtrea  of  rrum  8  to  5*  SM 

tamiaias  dlrggHmnt:  UiA  MtiMi  fTOn  iIh>  iwa  prMi4fDi{n(ilw.'  Thelmlghiltiai 

•Hint'  >n  inlcuUcad  ju  Icing  i  R  lilghsr  llun  Ihu,  luclDdlog  ilia  thtcknnH  of  thi 
cu)ilDC.    Tilt  wlnp  ore  rr«queiill;f  curled  only  to  Ibe  hct^t't  "^  the  tiqi  uf  the  andi 

Tfc«  iBiwrmI  Isagtha  urs  fraa  enil  M  end,  or  tram  tint  iobcB.ot  Om  arrk  pn^iit, 
The  -Domtann  Hx  IMemedteCfl  Imgllii  nwr  Ik  roiuid  UBCtlj;  and  thoH  liic  lalip 
vulliu  helfghu,  qafH  •ippnulmitel]'.  bjr  alniile  prupunlun.  la  lUi  talila,Mll 
Ha,  3,  It  will  Iw  ulnerred  (lull  udtn  t^  ikcv''"  «"  Vic  hw  fn  ImU  «iiki,  ■  Imm 
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Art.  A>  BapecIklpiilniihonldlnt'ikcBtDSHinHi  nn  nnyleldlnic  r«iin> 
datlon  for  culver  la  itnd  drKlsH  Under  hlrli  emliktai  niheritlH 
tht  ■iipcrlncuialivnt  neig)](,  Hnnclallv  iiud'T  lliv  uililitle  uf  tlmcmbkl.iukT  siiaBO* 
tbuBlDla  the  hII  lelnw.  If  con  -ormuihy;  Hnd  Ihm  dinifiiieb  the  nrra-uf  wMcr- 

Kd  ground,  Ih6  enibkt  DnT  prea  Ibe  n<l«  <n1l«  cloicr  lo^thcr.  nurcwing  lb* 
ehuiiiFl.  T1il«mejbeprotfiitmlbj«Bjoierlea»reh.(r  hila  of  tnartliry,  l*t«I«n 
Ihginllt.  A  ilisnim  ftnmS  toO  ntliiek.<if  Knist.iBnd.  oi  srtDiis  tiroken  lo  tara- 
plks  ■!»,  irlll  gonQnlly  tfn  «nllciciil  flnindKllDii  for  cnlTcrts  do  1r«mi-heniii 
nv>byKr<>undiorrinliikHu>d,irKbbiit«mDitrnilelieiEhtof«nbkt.  Ilshoiil  «x- 
tenla  few  ftct  beyond  the  BUUIinry  In  evtrf  dlrerllon,  And  ahauld  bemnmed     th« 

-will  Himatline!  be    eeFtUrr.     If  the  IBUUnrj'  Is  Ijnill  upon  timber  lilaTDrnlH.  or 

■hind  t. '  Tills  no*  p»  maj  eiea  unrllinnr  Iha  pTla,  if  Ihrj  on 
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n  Esllowlnv  table.    The  table  «t«nd9  ta  12  Ing  bj  M  iu>,  but 
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WEIGHT  OF   CAaT-IBON    WATEB-FIFES. 


pIptB  nre  required  to  be  diihIb  dF  nmaLlud  utroDg  liw^Q  gray  pig  iruD,  inDl)  Ml 
l4  rwdilj  drilled  jmd  cbippod ;  ojid  ftll  of  mure  than  4  Int  dJAm  ti>  In  cut  K 
mil.  "^Ib  'bs  bell  end  dowiu  DrriiLlIonB  of  6  per  ceol  ebavo  ar  l«Ia*  lbs  y 
TQtJoU  wtl|;lit4,  &rfl  Hlloweil  for  ImfiuWIthA  In  CBUiu^  wlilcb  ib  aevm  Impli 
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STto  •pnrui  u  ■p~ii> 

ApiiroxlaiMe  avvnure  prIeeM  In  oflnM  per  lb,  cnrrentn 
Iron  Mid  aleel  In  Philndm  |lS;3,  Hh»ii  print  lanlxd  blgb).    Iron  b«i-— 
ordimrjiriMlJiliicb  to 2 li» dlam  or  •amn,)ti,m  Norwmy  8;  Ewtdlib  JU;  Am 
vno  eonimon,  TOBnd  or  iqnars.S^  to  3^;  r«fli.ad.3^lo4;  iocrBUloK  by  dtgn 

£U  GU  Ibr  1  lachoc  D^n  w'iSb  Mo  S  or  u  forierv  ILId  U  tueh  wida.'  ShMTlv* 
(iUniqion,lio.l01olB,S"^;  N«18lo26,8i  bMl,.buull0  OMCenl  more.  Bnttl 
■iun,  Si  eU.  Plate*,  coain^ao,  a :  b«t.  7!^.  Anvle.  ik-  T.eU.  Vluma 
bvnnn.  (^  lo  fii^.  PhiBnIz  iHtliiBKw,  iVu  10.  iBBllm,  f^  to  4.  ■ 
IrOB,  casniDn.  :i  la  ^i  h»i,  aU.  Cwtt  Iron  noase  franta,  lilicdudj 
oitOJiloT.    Onllpnr7«ultuK>,3lo4ciii.  ^" 

Hteel  kars,  ordlau?  alzea,  nnumon,  12  lo  13;  btwi,  IB  la  in;  ■incli1i»i7, 

to  ID;  bail,  Ift  lo  17.    Pln>«B.  hoDiogeuouin.  IIU.    Steel  rnllB^  "\i  lo 
Incot  crnolble  Bteel,  T  lo  9.    BeBaenisr,  4  lu  B.    Craclble  Hteel  e« 
JiiffB,  12  bE>  14.    Otber  prices  'will  1»  roqud  uudftr  Ui«  propur  bewU. 
Welcbt  pep  fttot  run  of  welAed  wrooKlil-imn  lnbea,aiiiB4 

tbe>MciiTln<ii  Works  of  Morrli,  Tulirr  A  Co,  PUI&i  nuniilly  ia  Isugtlu  of  > 
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WEIGHT  OF    METAI& 


Mh  Inn  '•nr'.  «•■       C 


S^s^ili  f« 


I 


■Htmleaa  Dmirn  Brass  und  Copper  Tabea  of  tbe  Amerleitii 
Tabe  Wvrka,  BosUib,  naaii.    Apprailmtiiis  gtui  und  welgbta.* 

tUtknnia  ure  giveD,  the  hIh  In  iiomn'  CM«i  oorrespnnd  wilb  Ihe  l»al,  and  In  olben 


^^^^^^'^" 


4,  ^  ,»1>TOV.»»^WT""^  * 


366  WEIGHT  O*   WROUGHT   IHOS    ASD   STEEL. 

Wri>iiGh>  icon  ii  beir  UksD  at  4lto  tbaper  cub  n ;  vr  a  ip  gr  af  T.T7.   ItnpH 
lin  wruugUt  iluD  »fi«l..  fr.™  4!*  U  lua  fts  i*r  inl.ic  f,-„.     I.lglil  nclgMhliUn 

BMcl,  nn  Mldllloa  inniit  be  BMile  M  the  tabtilnr  fiiiiaa>U,<r 
alMtnt  I  poand  in  IIH)  lbs. 

At  4U  >M  per  cnb  rt,  ■  cubio  IBdi  vnitlx  .ISOST  fe :  n  ft  cDnUlBS  3JHi 
■in^ptliiD  li  IHilIii  p(rc«t>  aivhicli  Is  nauer  the  unngc  of  ardiDH]  niilM  M 
cab  ft ;  •  rod  uf  1  wi  incb  urea,  «tigb«  111  ft«  Jiet  J»rf;  or  3Jji  B«  per  (HI,  i 
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WEIGHT   OF  8FIEET   METALS. 
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IRON    WIRE. 


Tbe  anmbentof  tbvnlr^sin 


Cul. 

id  cor 

».p»ud 

to  .on 

nbHte 

unllfr 

haut 

Lint 

uuui>r 

he  Bin, 

InKkoi 

urngt 
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nte  of  SlOin  ^  per  sq  luch  far  No.  0;^3UU0  for  No  111;  sbd  IIIIIUU  tuT  Nu.  301  Mid 

•ttmilh  por  nq  lu  nf  tb«  umiillir  aim  li  aug  (u  Iheir  more  freqiirin  puhdrb  lhnii|)i 
lb*  aruir-plikiM.    Thn  cbolce  BweilHli  ind  rlorway  Jmuii  wonlil  nol  j'iclii  wfn  o/     , 


-eoRMi ;  H 


Barid  nMrl  wlr« 

Bard  copper  Hire  niiii  ba  uken  *t  %  o(  ibe  labuliir  atmogtbi,  nnd  foil 
f  more  vciuLt. 

To  Bnd  BpproxImHtclr  Iha  Mnmbfir  af  vlnttirht  wRraa  <biil 
wifk  be  B;ot  luto  b  cmblQof  glveu<llRnieler. 

n«apIldltT,ornietiiliireBar>ll  the  wirealnncnble.vftlbvi 

to  Iha  Mw  of  tbo  ciiblEi  iiielt;  libout  u  1  to  l.*262.  Or,  to  tind  the  onltetf >, 
areaa  of  nil  the  wires  In  n  cnble,  tnnltlplv  (be  area  nl  the  wbls  ]ij  tM, 
dMBUl.78;  or,  fur  Itie  nreit  of  all  the  vnld*.  or  vi^ant  ipacut  betwuii 


•ApprOKlmnle  nliolesMle  prioeii  of  the  Trenton  Iran  Ca'm 


wire  In  IS73. 


aALVAMIZED  IBOX 


H  [1  in  luuKtlii)  ia  aan 

..  m  ailo  27  Ihb  ;  and  conK^uentlj  ttu  might  pM  tq  h  of  ««» lotgna  ia  linj 
mbont  ilh  pun.  When  tbs  comieBled  iheeU  htb  laid  ujiun  b  nmf,  tlio  nTBrlM 
or  (bout  3]^  ilia  JUong  tbeir  lidei.  snd  pf  4  Ida  Blong  tlllrlr  tndl.  dlmlnlahj 
.»U™i|ibp»niii0M;  miking  thoLrwelgbt  net  Hit  iifi«>(»boo« 
thin  btfiirn.    Or  tlio  weight  of  comigjtKl  iron  perig  ft, In  pUot 

«AI.TAin«B»  IBON. 
WelKbts  p«r  aquBFe  fast. 


gsilga. 

S«. 

Flat 

42"- 

S'3 

Lbi. 

No,  by 
Birraing. 
buBulrt 

Thirk- 

„.,  jo™ 

;'"■  i  gr.I«L 

»] 

Ki 

.038 

1;« 

.ra& 

iW 

i:!5 

^ 

" 

o»,  ail. 

Wb« 

.roniinoo 

TUKdto 

co'eri 

groota 

-.Ttw  calv«nl>tnR  ta  slnply  *  thin  OlmairBlnB  on  holhaldMi 

■ban.  u  <:  •BH  I.  tdo-a  •<  ■'llBoni  |iil(o»"  or 'Jilp.rT  ■klikarels  i»MHi«»i    " 


Pi»lnt  dodw  n«t  ndltere  well  to  brw  slnv,  hi]iI  ihlniithsBrM 
wi  -b;  M*  jm-iMii-i  .Mb  «.«^pd.Mi  lot  mil  mir  »  ^.^ftid  tt  nm  urSi^ 

Ibe   ■alpfanrans  funieii' ^m' coal  itre  VB«^  eor •— ' 

noftiA  with  cither  i  ircmalagt  B«v  uv  aol  p»i'M«^  htairrrivjr  niTtlic  auniai'u 
Vl"?        I    ~'"^'°°*'*"  TonvHUlldd  M'tottr^  Ihe  jring  of  (ftlvulvd  [n 

yl^^^h"'  )f  inah  tHIfik.  loo  ID  ft  pfiaod.  wall  dritn  [«d  MIn  BVhbleHln)  tl  Ifelirt^^M 


j.^***  ***«««  or  flat  Iron  «M«pott«w«l»eif*s 


CORRUGATED   IRON. 


luipui  irlleh  U  bmL  L*D-lblr4i  nf  TraOfBld'i  UalLcf  ^^  or  Ue  ipui.    asf  ArtHoT 

npcrtBiiMttUttaBdiDrihsihHUTnnd  apoq  ■■pportJi  dimtd  lo  fti  ld  pmniL  DDanlttlaH 
idnif  teSflTiUtoli^el;  wllb  ibe  akafw  of  Uib  narruf flilDhp  ^  bui  Id  Vvs  DEhsr  ib«  inpfrct 

Hid.    An  >r«li  of  Ko.  lA  [^ 

roa.  cDmigntsd  like  the  roHKOlns. 
I  depth  of  CE^rroHhttoii  jDcrWi'd  (o 
bj  tria  procBiH  Df  utrhiitK  thr  pheet; 
n  Ctl  1  lnoh;  rlHlDlnii  breadth  H 
wtikk,  kowMBT,  only  af  -     ■- 


M 


TWiro^Iml  Ifnri  iif  Nut  10  In  13  rivttei  nn  n"Oii\-   RliSV*-''™*''"' if  ," 
'pt  t}e.rodf  t  frB-  fi-et  HiHirt*  cnntliiuous  aniLVi-kniB  «ltiiii\>™S«»\  "**■ 


WEIGHT   OF   FLAT  IROX. 


WelKbtofininlcnw)liorFI.ATBOI.I.EDIRO?r.At480llMpMl 
cnbIC  fmX.     Fur  cul  iron.  deJucl  ,'.  |«i'l ;  l„!  stixl,  •uid   ^g  ;  fur  uopper,  iM 
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UM»      t.m      TMOIOOOIIUlSIlOITMSinniN      3r>U       KM      «M 
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:bt  or  U  T.  C.  n,  Ac,  Inn. 
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I  mi  BOLTO,  NDTS,  WABHEHS. 

Welgrhl  omeMlB  nnd  nnts  oriron  bolU.*   The  velghulnrliid* 
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The  tlilclinesa  v I, «r  a  nnt  H;  amp,  nfibrad. B 

which  IbDLhrauliaraDDbliBUlLk  In!  Lhu  thalr  plfcJh  ordtitBhOI  ftpu 
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Tke>e  mni'  l>e  termed  the  Amerlenn  a 


XIUl  ehnm  ■  bDJi  will  Dot  yUld  Vf    . 

■wk  oirjonb^wihsDiit,  HbBreiM 


■tribplng  gir  ill  tbreoda;  but  will  genemll;  brwk  olTJost  b^wlhsunt,  iibBre 
Unlniitlun  ut  ibfUI  b;  Iha  antdng  of  the  tbnudiicainiaiiiiKW.    to  klkiw  for 

;  Ihe  loUU  ur  strain,  which  v 
Incllon,    lliiit  la.  via  must  ad. 


ias  Ibe  loUU  ui  strain,  whicb  Kill  come  upon  itj  and  tbDoadd  eDOUEti  taoorsitui 
rMncllon,    Tbitt  la.  wu  must  add  twice  tb*^  duplh  to  wliicli  tbe  chrchoa  ore  cut    Fo^ 


WlieH  mneta  ■tralncit  kitoImM  k 


^r  E0LT8,  NUTS,    WASHEBS.  375 


t«^?^.SS 


Lvi,ieiit  fill  I J  oii»-h»if. 


Hni)ldt  IMJKreJwrlnilLW].  «!..  mml.hjpnjjiiiiic.  rron  .  ait  olirolor     S^tO^fclL 
■  —nldiul;  buM.     It  I*  nida  bj  ibe  Tfbiniui  s.fri,  Solrnh  o.  or  I    I 

Ml.  Dluil>l  lii^  biilgbi|ii>V>>l  UM»u  Jcliubi  >El(ni3<inDiigi.>  | 

lUe   af  illitiaetprti.  welrhM,  nnd    tippraxlniiite  brmklnlf, 
ifeFBlns.  for  round  rollMl  Imn  linlm.  f  Ir^.  or  bnmi  iwanniliig  tMi 


TllfibrenfaKntrHliifl  in  IIbIb  InblrwIllnlBO  una  wer  Iter  nqiiiiro 

>UB.  tijmvnly  tHcreulngibFdL^dpBni  for  ■  rauDd  b>r  hu  T«7  ftpprnilmAVJ;  ^  DfibBJiUtDiUl 

nrnufli  or  W>  rxuDd  in>;  or,  nmiv  Dnmtlr.  h  1  In  .im.    '  For   the   ■IreoKlb  of 

4WFPER  Itnlla.miilriplf  Uui  Ubii]iT  mn  ti;  Ihi  decimal  .■ :  iindllirtlnlr<[libi,lH«H, 
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TIN  AND  ZINC. 
BKAZED  4!OPPEB  FIPEHi  welKht  of,  p«r  Foot  run. 


TIK  AXn  ZINC  I 

The  pare  metal  U  enlled  Moch  tin.  When  (wfectlr  pun,  (whtcli  M 
ninly  li,  bslng  piirposalj  »dgltBnit.-a,  frf„,iienllr  to  .  InrEi  proiiorUoo,  with  *H 
flImiHr  meUli  lead  or  KiDD.)  Ill  <p  got  !■  T^:  ud  ilB  nslgfat  per  oub  R  b  4N  ■» 
It  [■  ■iffli^iBntly  msllmbls  to  be  bealen  into  tin  (ail,  Dulj  yg'^  oT  u  Indl  tllll^ 
It!  tgniila  alrcngtb  la  but  Mwnl  MOOlbBpsrsqlnch;  or  nlnut  TODD  Kg  vben  Bial* 


piirposMi  but  thin  platM  of  ihont  (roil,  WTBrwIjiHk 

uay  damedllc  utoiuiK.    Furrouh  it 'is  Inldon  hoiink. 

Th«    Bhevia 

oCtln  ftre  nnl- 

led  u  ihawD  la 

jQJniHl  loe^lher  la 

_,  ioldored.  TlieHOft*' 
then  fomiri  tot«j 

to  Ibfi  ro^;  b  »A, 
bring  long  en ougb  to  nub  rrom  tbepMk  UlbeuvM.    DUT^rsnt  rolls  being  qinajl 

■ndl,  ln*ti»l  fartliHt  purpuaa.     Tba  routsn  okI]  Iha  benillDgiit  I  a3«lU(i)ran 

XDhoIdlhB  tin  saeurelj  to  Iha  aheetlDB  bsarda,  pl«iet  at  the  tin  SnftlD 
brlhiivlde,  called  rluta.  an  nmtledtfl  the  boirdiiU  ibout  0TB17  IShualoi 
Jd|«U  of  the  roll,  tbat  .re  lo  be  uultBa,»nd  an  lieol  oror  with  "■-  ■■-— ■ 

bwt  mrer.    Tho  nolla  ahuqld  be  4-pennr  aiatlng  niUts,  which  .     . 

UuebnuTaln^  or  what  la  utlM  leaded  (Tiilor  ltirn^'l?ir  ru>BBi"  It' 
•Imply  iheet-lron  mated  with  iBul,  Inalead  of  the  more  Bomly  i----'  ■'-      *-  ■ — 

Ilia  b«t  platea,  both  for  tinning  and  Ibr  taini,  are  miulo  of  ol  ,. 

boing  tough,  honn  bendiog  belter,    CoIm  In  imed  fnr  nbcapftr  platne,  but  infmor  1^' 

•-  ---  "--      In   gtvfng  ordora,  It  la  iraportint  lo  apeolfj  vhatbar  nbancd 

tiitntd  plat«i,  or  tartu- 


".•j.:v:.5 


•Kss-sriirsiS-siitre " 


Tnr  AKD  znrc. 
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fter.  When  wood  only  Is  nied,  this  is  not  neoeMaty ;  and  m  tin  roof,  with  a  good  pltoh, 
90  yean. 

on  plates  are  sold  bj  the  box.  These  boxes,  unlike  glass,  hare  not  eqnal 
ntents.  They  may  be  designated  or  ordered  either  by  their  names  or 
ly  makerf),  however,  have  their  private  brands  in  addition ;  and  some  of 
a  much  higher  reputation  than  others. 

ntents  of  a  box  of  eitlier  tinned  plates  or  tarns. 


Names. 


ZVb.  1 

2V0.2 

Z\r«.3 

1 

s  No.  1 

*ss  No.  1 

»  No.  1 

Doubles 

Ales 

I  Doubles. 

>ss  Doubles 

ts  DouhUs 

^mall  Doubles 

ill  Doubles.... 

s  Dotibles 

xs  Dotibles 

iS  Doubles 

r  Wastes,  Common  No.  1 
Vow  No.l 


No.  in 
a  box. 


225 

(« 

(( 


300 

(« 

(( 
(i 
i( 

200 

u 
t( 
u 
(t 

225 

u 

112 
112 


Sizes. 
Ins. 


u 
u 
(( 


1^ 

14 
14 


X  10 

u 

X  20 

X  20 


Wt.  of 

a  box. 

Lbs. 


112 
105 

98 
140 
161 
182 
203 

98 
126 
147 
182 
203 
16S 
188 
209 
230 
251 
112 
140 
112 
140* 


Marks  on  ttie 
boxes. 


CI 
CII 

cni 

XI 

XXI 

XXXI 

xxxxi 

CD 

XO 

XXD 

XXXD 

XXXXD 

CSD 

XSD 

XXSD 

XXXSD 

XXXXSD 

WCI 

WXI 


irger  size  may  be  made  to  special  order ;  those  of  tinned  iron,  in  England ;  bnt  leaded 

le  in  Pbilada  also,  and  elsewhere.    Sheeu  of  36  ins  by  33,  39.  45.  48,  52,  or  58,  on  hand. 

tip  to  3  ft  by  7  ft,  and  up  to  No.  26  gauge,  (.018  inch.)  made  to  order. 

5  sheets  of  13^  by  10.  contains  214.84  sq  ft;  bat,  allowing  for  overlapping,  it  will  cover 

Ml  ft  of  roof;  even  without  any  allowance  for  the  waste  which  occurs  in  cutting  away 

der  to  fit  at  angles,  &e. 

area  of  roof  covered  by  any  sheet,  first  deduct  2  ins  from  its  width,  and  1  inch  hrom  its 

n  sheets,  and  laid  in  the  same  manner  as  slates,  is  much  used  in  some  parts  of 
}Ong.  By  exposure  to  the  weather,  it  soon  becomes  covered  by  a  thin  film  of  white 
protects  it  from  further  injury,  and  renders  the  roof  very  durable.!  Corrugated  sheet 
ted.    See  Galvanized  Sheet  Iron,  page  370. 

T  IN  znfc  vnwKLfl  is  said  to  become  injnrions  to  health  ;  and  recently  an  ontory  has  oa 
irisen  against  galvanized-iron  service-pipes  In  dwellings.  Yet  such  have  been  in  use 
rs  In  New  England,  Philada.  and  elsewhere,  without  as  yet  any  deleterious  •(bets. 
bly  owing  to  the  fact  that  servioe-pipes  being  short,  the  water  is  nsnafly  all  drawn 
several  times  a  day ;  and  hence  does  not  remain  in  oontaot  with  the  sine  or  lead  long 
olre  a  poisonous  character.  In  taking  possession  of  a  house  in  which  the  water  has 
;nant  in  the  service-pipes  for  some  considerable  time,  such  water  should  all  be  run  to 
vise  sickness  may  ensue  from  its  use. 

other  sizes,  as  10  X  20,  ka. 

•riee  of  sheet  sine  does  not  ordinarily  differ  much  from  that  of  sheet  lead, 

ftda  in  1673  was  about  10  to  12  cts  per  lb ;  or  in  pigs,  from  7  to  9  ets. 

Ice  of  bloek  tin*  made  into  either  pipes  or  sheets,  about  56  to  60  ets  per  A. 

n  4  Bros,  226  South  Fifth  St,  make  both.    In  ban  40  to  45  ets,  in  1878. 


Hol«s  on  Ibe  nae  off  Wire  Kope,  bj  Mr.  BnbllDg. 


'SlSt 


■■jP    UEIGHT   AND  STEESGTH   OP   IRON   CBAIXS.  AKl 

,fWUor>h«miDM  uma'lm  mjamUOntvortr.    'anp*  H  !>>■  1u>  wUiuiuiidU  VKiutwi  fawn 

Note*  «■•  RlKKlng. 

"inrtBopirbrihfODJimSM»y<l«iii>-iiiil"i™ilr'iunn™ilo(l»mii™,nirlh«(cil]o«iiim- 

Ful'K'  tf  >1l!>iiia>i  •m  i>pF>renl  »1  •  tlmnc  u  noij-  miDiB ;  Ibi  reiiioi»l  ot  •.itiil  looi  or  •Ittbl     I 
|™i»  JiH  ln!|hl  oooupM  bj  Ull  lUaillll  fljlloj  Muil  InimMl  luib  Ueiindlpni  mad  Iha  lUtlll^     I 

ci " "'""■" 


«3»qlCoin  riui,«lrt  rlaflbilt  j^iiolMdi  wud  cc*  aUiulud,  ipplj  |(»il  P"!"'  "lUi"    I 
Elvn  oT^MinHi,  ■MMJ'^w  *J''J^°  '/h  ""  1         I'l    11  I«S   ir''''l«4  tlh     I 


:^':si7» 


n  BTREXtlTH  OF  I 

Ihfly  rnuy  be  mo 


■"K&r 

WMghl 

BfBikiq 

jstnJu 

Okmntrod 

WelRht 

por  ft  run. 

iro  pisdK. 

pqr  ft  ran. 

lu. 

Pda. 

Pd«. 

t™. 

Idl. 

ril». 

Pds. 

Tom. 

8-ia 

1-31 

&. 

.Ml 

ZH 

il^ 

5J-J 

S 

MM 

?s. 

9408 

a.™ 

li 

JT.5 

a. 

Im 

P 

M* 

iH»y 

SiS 

,a. 

IJb 

■BiT* 

8.6S 

OT* 

IsTlM 

,s„ 

? 

,&/ 

-/"« 

iS 

t.\S4 

WEIGHT   OF   RAILROAD  SPIKES. 


Tnbl«  or  ManlllK  ropr. 

nirc  j  Wl  par  JBfaaliiiig  lumi,     p|^^      j.|^  |  Wl  per     BrcultlBgli 

^"'-  I      i'bs.      Tom.       lbs.  '"'■       '"'■        m.      Tuni,       111 

%"{     ."19 
1         1      .033 


Tbe  atrenitb  of  nitnllla  popen.  Ilka  i)int  at  )iir  Iron,  !■  nr 
KOd  in  wltb  bHip  on«.    The  alioie  InfilD  lupvoin  >d  mengu  qualll}.    ■« 
«MI(iilMiili«iipue«iii!ld«nibly  itroneor  thno  MHnilli;  bnl  IbHr  Knt  ol 

lllDiUDilliKc>inriniiii_p*nl;la'dlninlih  tontncitnn  uid  sipaiMiMi  bjr  ■!> 
wui  uid  di7  xuBihcr.     The  eominoii  rnleii  hr  Ending  ihi  •ImicUi  o 

irrannimx.    pWm  In'phfbidi  In"l913,  MraiMnl;  lo^li  cls'IIer  ibi  II*Uu: 
K  oU ;  AlueriuD  hunp,  16  cu :  SIkI  hemp,  IS  ct> ;  JuU  IE.  lodloi,)  iu  cu. 


I 


the  cronfe-rieJi,  tdry  wttbin  llie  limLtB  tirilit*  folloi^ltie  Ublo^  tbo  llsbln 
Cor  light  Tolli  on  short  loCJiL  bnnchcd;  and  rht*  hea>LuHl  OQcn  fortwAi 
on  firat-claiB  totds.  The  tjihle  u  Itnm  tUu  Pbn^nlx  Irun  Co  of  Phjt  ' 
Tbe  nplku  Hi-e  (old  lo  kega  UBually  oT  IM  Ibii.    fur  tbe  nt^gbt  of 

■ni^  length.    Wh'it  U  satwl  Bt  Uie  pilot,  luUoH  for  the  nddlllt 


SHX  J. 


Aalaeln  Tery  «>miiniim«*,  !■  6VS  x  -?!;•■  wbich  welghi  mboat  H  ^ 


E 


J 


SPECiPiO  QBAVITY. 

MiUXa=»aplUL  ftr  laraauu,  iiarnii,  lull.  kg.  wi  rnu  muBlr  ••"'•I' li«  I  wttK 
firalli^  ihiu  Hmlnj  Id  ill  ilrn  uiDmeoni  cnul-iinMlPi  nrmUe,  WlB-fSB-f  Idt^luua 
iHTInllii  or  SOM  »l,  «  UM  "«■  of  IM  »■■  '  ^^ 

Ihwloa  «r  Bplketl.     Profumor  W.  R  JuhnioD  raand  thiA  >  pkia  ipiki 

bocbI  em^fal  esne'rlnienla  lu  Hanover,  Germany,  - 

teB>run.(l>e  Inm  Au  u  »ul  Bl  mud  i><  nun;  unrlmiaH.  mui  HM  ^^H 

dKciH  Isob.a'log  iheUklaui  of  LMaplte.)  uildrimil^  lu  iQUi  ^tilEn-  ^^| 

,  JL  bell  iquuv.  III!  lout,  drlim  G  im  dnp.  r«|J  rnmi  11M  Lo  <Ito  Ih  u  u-  ^^V 

-•  -rii^nri<tIiudDiiii.iuli-iui>w|ir,)or'uu«  •bMI  mniiliMT  ■•nu?il  or  disialAM 


Uk^da  ofoiik  or  jtlnc-,  nnllerl  lorelber  liy  fr 
WKICtHT  or  NAILS.; 


MaMe. 

Lsnglh 
InclSi. 

N.p.r... 

N«DO. 

ss.- 

Ita.p»r%^| 

aiionnjr. 

^4 

i 

1^  ""S"'- 

1' 

isrciTiL 

«E 

Wti 


SPEOIFIO  GBAVIT7. 


egUsMd:  and  u;  ainr  fraah  ntpr,  at  Anv  nrdlnnir  tempeniliirfi.  ni'  fram  (KP 
P,  maj  be  used.    At  «>°  pan  wnler  weighs  0-2.331  Dm  arolr  pxr  culi  Ft, 

1^  the  ail  Krnv  of  a  ■■"JX;  ^<'*^*,|!^'^'*'!  WAter.  ^Wriifa  It 


SPECIFIC   GRAVITY. 


1*  Pad  (tan  an  rrav  at  m  llqald.   nm  unroll;  •■ilk  HiaiiUiiLiwdi.u 

TWH  otiitul.  In  i|ii  >lr.   TbeD  iHlaa  II  la  nUT,fni  luw  ilit  LiM.Af  L.    Ttua-Ain'"*")' 


!rtE'b«p™Bi^'.-°  lJ-.-'!°'"^]..'...'!'..'.^'.'.'.'-'.:'-'-'.... 

BikknTk.    at>  Huo'n'rj.' 

i»ai™:=:==:"::~--:-::::":::; : 

Ciifcirtj  mjQM.  !■  1 H  Umw  uheujuilr ; 

^mifn  t™ri  amian  WBlglii  lit!  BM. 


11 

uunJ 


-'wMajJfJ  ■^™»^i>i,M«MV»  l«4l  »B»*(SlW.W  •"^ 


d^ 


iPSCIFIC  G&ATI 


Bt,  hjdnnlki.    Amcrlnu,  BnaDdKUt:  pinuid,  tHioe...... 

;;  I^ik  FoRlind.  n.f^»nik  bgik,  kr  Qiuun 

nHlMnT.  —Aft  ut  HlT  u  Uw  dSOiialv  aT  nunrl 
IitaAilalM.     Amu  Inll  Ikt  ■•«»  liiMiam  •! 


««auti.    Smq.uu. 


M*«««^... 


GJPVBB,  FliaHr  of  PatIc,    a.t4UL3r,... 


iHn  l&i  Uud'miuDii'nWu  >-< 


886  -BPWJipic  eaATTfT. 

TKble  of  Hpaeiac  (rurlUc^isBd  wellAlM— (UnUaMi') 


»—•--■- 

-.;:!• 

I™...r..<hL.TJi.o7,.;  ,h.  p-„.t  „„  ^.  ,re p  s, .„„„.. 

^ 

M». 

iihii™'» ";,;;,                   "'" 

«. 

$:=:«.:::.:          . :   ;  :: 

iafS'SiSKl.lrlfs 

;3^SSS.X:::::::::::::::::::::::::::::::::::::"r-:: 

iS: 

Sii:=:iiii:i:i^^^^^ii 

ii! 

■■■J'" 

IiluW<»0-l..to..Ap"lli,b«lh«rtr 

4TM 

"   S't'l^."*.    "     ■""   ■* '      ■■      "■ 

>*'tJlI 

2^B.:.          -ee;^:; 

£■ 

Siws-s..^  ..:.•    ;:;:;:::;:== 

-J.- 

\  "  \- 


8FECIFIO  GBATITT. 


887 


1«  af  speellle  vmitica,  and  weUrbte--(Coiitfnaed.) 


Names  of  SubstanoM, 

/ 


long-leafed  Soathern  jellov,  unseaRoned 

1000  ft  board  measure  weighs  2.41H  tooB.    ' 

is ;  see  Oypsam. 

17  shaken 

i  to  2.8 

21  to  22 

.-e,  in  grains 16  to  li» 

on,  pure 2.S4  to  a.tf7 

finely  pulrerized,  loose 

"        well  shaken 

"  ••         wellpacked 

id,  loose.    One  measure  solid,  makes  full  1^ 

led 

phire,  S.8  toi.O.. 


broken  and 


er  struck  bushel;  Syracuse,  N.  York M  lbs  .. 

"        "  "        Turk's  Island ;  Cadii ;  Lisbon.  76  to  80  . . 

"        ••  "        St.Baru 84totW.. 

"        "  "        some  well-dried  West  India IM  to  IM  . . 

"        ••  "        Liverpool 50to55.. 

1  fine,  for  table  use «0  to  62  . . 

quarta ,  perfeoUjr  dried,  atd  looae,  OMiallj  lltl^  133  ibs  per 


uiihel. 

erage  of  98  Iba  per  cub  ft,  a  struck  bushel  weighs  122^  Ibi ; 

9  bushels.  1  tou  ;  a  cub  yd  =  1.181  tons ;  22.86  cub  ft,  1  ton. 

ken.    123  to  147  lbs  per  struck  bushel 

:ked 

wet,  but  the  excess  of  water  drained  off. 

(  per  cub  fool,  perfectly  wet,  17.23  oub  ft  weigh  1  tou ;  and  a 
=  1.567  tons. 

'  fine,  even-grained  sand,  perfectly  dry,  may  weigh  ai  little 
80  lbs  per  oub  ft. 

inary  pufe  natural  sand  be  sifted  into  S  or  S  or  more  parcels 
ently  sized  grains,  a  measure  of  any  of  these  parcels  will 
onsidernblr  less  thau  an  equal  measure  of  the  original  sand, 
sand  weighing  98  lbs  per  cub  foot,  rpay  give  others  weighing 
e  than  70  to  80  Ibs.  At  98  lbs  per  cub  ft.  1  bulk  of  pure  quartz, 
le  1.68  bulks  of  sand ;  of  which  the  solid  ooonpies  .6 ;  and  the 
But  if  this  same  sand  be  oompaoted  to  110  lbs  per  eab  ft, 
leasure  of  solid  quaru  makes  tyi  measures  of  sand ;  of  whicli 
olid,  and  H  voids.    Sand  is  very  retentive  of  moisture ;  and 

large  hulks,  is  rarely  as  dry  as  that  above  in  this  table.  But 

natural  moisture,  and  loose.  It  is  lighter  tban  when  dry,  its 

weight  then  not  exceeding  about  8(  t4)  SO  lbs  per  cub  ft ;  or 

112^  Ibs  per  struck  bunhel. 

t  for  building,  drr,  2.1  to  2.7S 

uarried,  and  piled.  I  measure  solid,  makes  aboat  IH  plied... 

;ood 2.5  to  2.66 

illeo 

ed,  and  compacted  by  rain *..-. 

-fectly  dry « 

1000  ft  board  measure  weighs  1.376  tons. 

black 2.4  t«2.8 

ed,  in  piles 

2.7to2.9 "      .. 

•  4 

Steatite.... 2.65  to  2.8 "      .. 

9.    The  heaviest  contains  least  carbon " 

ot  heavier  than  the  iron  from  which  it  is  made ;  unless  the 
1  impurities  which  were  expelled  during  its  conversion  into 


average. 


!tly  dry 

1000  ft  board  measure  weighs  .930  too. 

ic 6.8  to  7.2 

d  Raby,  3.8  to  4 


average. 


II 
II 
II 
It 


Average 
SpQr. 


1.04 
1.15 

1. 

2.78 
31 .6 
17.6 

2.66 


i.9 

1.1 


1.66 


Aversga 

Wtof  a 

Cub  Pu 

Lbs. 


66. 

71.T 

62.S 
1.70 
1S48. 

166. 

90. 

106. 

US. 

M. 

68.6 

46. 
69. 
70. 
74. 
42. 
40. 

90  to  106* 


99  to  117 
101  to  119 
190tel«9 


t,  2.8  to  3.2 " 

1:  in  piles •* 

.3.66 •• 


n-eab  foot,  .57  oftbe  maM  i«  iondq«arU;  nd  .4;&\a'nAAL\  «r\xna(W«*^\  vS&fc><sB»» 
sunt  of  JooM  roaoded  Mad.  On  vtMs  mm  mm  v  ^I^^ 
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r 

ipBKIU. 

ra  100  Cmi. 

?■-  ^r  Kile 

P,rIO.^»>. 

Ft.  per  MHe 

P„,0OF«. 

1       M 

JDsag 

»M6B 

;S1^ 

1 

.017I>.S 
.017  » 

^^W                            KAIL-JOINTS,  ASD  CHAIHS.                                W 

TABLE  or  ACBES  REaUlRED  per  nll«,  Mid  per  100  M 

Sf 

'™ 

iH. 

K! 

'£ 

,H, 

TT- 

E 

H 

WldU,. 

jk" 

.uo^ 

9.U 

1 

.3»4 

,1105 
.OUT 

s 

If, 

!oe4 

M 

a:" 

■ls4 

M 

bIjo 

,t8S 

.009 

^ 

8,53 

.067 

M 

jso 

g 

3,63 

,0«9 

0,81 

.139 

y 

OAl 

Si 

1 

-  8 

4.IM 

;o;« 

88^ 

■^ 

,ols 

so 

7,1B 

.138 

10 

I'ai 

■^ 

3a 

438 

■^ 

ST 

10.4 

I 

liu 

37 

4.48 

.03& 

38 

.037 

7._51 

.48 

3 

i" 

S 

*a 

4^ 

ml 

fli 

llo 

M^ 

10.0 

M 

I 

lisii 

!<IM 

a 

4.07 

,0H 

V, 

6, 

.094 

8T 

8-11 

yi 

X 

JD 

18 

iM 

Oil 

44 

EU 

:i03 

Jl 

8:_6i 

103 

M 

lis 

SR 

20 

.108 

Ilia 

X 

31 

X 

■i 

>.»? 

s.'ss 

M 

38 

2.r» 

M 

100 

ill 

m 

'A 

K 

m'* 

3.03 

jtol 

81 

a-iS 

.117 

■7 

0,33 

;i77 

RAIL- JOINTS  AND  I'HAIRH. 

A  nUlrnd  ti«t  heiBH  we»lL«t  Bt  11,8  jolBW  l«lwe™  tlis  nil.,  when  «« 

■n  dei>rlvtd  of  Iholr  mrHoU  Btrenifth,  bM  of  ooo™B»gn»U'r  WmlHiicy  to  (■[!*» 

nOI  upon  which  H  Icmdof  wheel  U  moving,  tnnda  aon  Ehin  the  wUiiceiil  oalatto 
•mH  of  Hie  next  r^l  i  »  tint  when  the  wheel  «ii>ea  ■!  nld  leujiul  ndl,  It  li««U 

iU  enJ  n  «8vore  blow,  whkh  InJnrH  It    Thin,  Ihe  enita  of  Iht  iniU  ue  atpDHl 

telmore  li^jury  (bau  ll>  otbar  porUoiu.  Nnmerahe  deTl»a  faAie  been  nwrHd  Mlh 

or,  u  l™i.  qf  c«mi>og  the  two  ^^„t  nil-end.  to  be.d  equally.  >nd  logelhwl 

Bnperlfnoe  hna  Mtiihli.h«l  Ihe  .operlinity  of  itupend«d  JnloH.  OTor  MppMte 

ma.  On  .  portion  of  i  n*:k  .^.trying  a  bw-y  hnsin«i, with  Jcjnt^t^ntag*  olMel 

ii;*f™«tojn/nt.  wore  .u.pandiidbetwejo  two  ttM-.wWViaistaWraBMUaoM  mete 

upun  a  center  He ;  Ihe  blnckg.  however,  ticWB4lng  <«"  «.w«  ttw.  ^.M»  w^ay 

•^W.-tb™  man!  lij'irtd  by  cruBMng»uAUr.«tn\nsvv.v^Kj«(«  w^\*VB«wm 

^" 

the  Oni  aw,  u*  joint  1.  nllcd 

""" 

««- 

'"'" 

■■ 

-T 

^^  SAIL-JOtNTa,  AND   CHAISB.  391 

bjwli^ch  it  jicrvlprJitiu  ItH  DWDdq£(ructioii,m  a.badgTie«  Ancleiaebtlo  Ctw  lljury  of 
MDtv^  iH  tli»  orji1»[OQ  vr  i'rif[i<?r  f»atpalqgi  at  tlie  cent^-r  of  f  be  rsUs.    E'lcb  rnJl 

bbntrvdtioa  4iad  uiHiHfaiQ  lo  bka  plvv  vqwuijfram  tint  potat,  towuil  Buaii  end. 

It  wuali]  prubibf:r  t>e  ii»io<tu)iBt  difflcull  to  aonnnpliBh  Uili  psifectlr.    Tba  u- 
L«mptJI  falthecto  IDAdD  hare  CUlpi). 

^Ona  of  Ihe  urltett  ia«geBilone  for  s  Joint  fndenlng,  wu  the  Oslt-Jvlnt,  or 
■■fci  ■plltc.«r  ailt-pll«l««,  Kigl.  iutfudiiced  npon  Un  MewcMll»md  fceuob- 
tvwD  ftih.  in  iwlawiin,  bj  Rotil.  n.  B*k.  tn  1843.* 

.  mi.BBilua  •(In  ilMpa  or  Im.ii.  mllidjlaltn  nllid  us  IIUh  ildBsr  llwnn:  and  hsiud 
UB^araiul  u  Uis  ™iU,  bjilUiw  Bytalu.  «ipo«»ln.  Uiuiili  l  IniuaisM*!;  ibUliiiiH  (. 
Ha  UHi  m  niuaUT  abDit  «4  IS  M  Imk  Itifsl.  Tbi  Htnid  ibiH  bf  lU  Inaer  lop  ud  bitKW  cdia 
iTUiH  iiinDa;  udoT  Un  up  uHl  boium  01  Un  iBn  of  lln  lUk  :>ulM  >  m<te«t  H  jttti  attrr  Ibi 

gulden,  u  in  Fig  L 

Kg  I  mc|2  Eg  3  mj* 

Tilh-ipticu  aiv  freqaeotly  made  with  ■  ihaJlon  grooTS  abont  %  inch  d«p,  od  Ihclr 

Jib  boll;  und  Is  inleiided  tuiiretcnt  tlie  bnit  Itudrfrnm  tiimliig;  mid  the  uulBtm 

nn  K/ilh  Otit  prtowH'm.  itt  Li:ick-Dul  woebtTB,  p  ^£,  Tlie  groove  weaksiu  lh« 
mOoi  luteriallj.  Flili-plstH  from  IS  la  24  ini  laag.txiitraiaiilalilDrblhitk, 
StfUMj  cnned  u  ia  1>Hk  3,  wHb  «  <:<>lbi.  and  iiiap^iiided  betWegD  Hwi  abgnt  IK  ioa 

Un  U  B,    In  ihii'cuDDirT  iliejUH  cominanlr  0"^  vIDiQvtBhaui   Tha liolt^iaiH 

U9H;  crllDDli  iQiaM  >«>;  ouiKquciillT.inUKIFtlosiiiLII  larf^jlngb^  awl  <nf  »  Itw  hidi 
B«sM«  this,  the  mils  nre  very  llfibic  to  move  or  creep  bodilj- 
In  U>e  dlreetlon  ol'  Ute  heavleal  trade  t  nnill'l'  tlila  ptocnu  ultn  tljs 
lirilll-liuUDlIiEi  M(>  eipcwed  la  additional  alniin  and  danuigumrnL 
>M  nt«t  ■top^llltrF.  or  Mr  JTohn  A.  WIIhm,  C  E.  1.  .m  u  pwiat  tkli. 
Il«ha^«1a  aliiipljr  or  a  tldu  pf  p]«4^lrt>D,  bam  w  atto  Ibr  aib-pLaL«»  ud  ib  lbeaut«  lop  pan  of  iha 

Atlti^  afpnar  to  tiecomp  elongated  rarj  aUghtly  at  thoir  euita  by  me ;  and  fbl» 
nodan  afilil  ullowaim  for  contraction  and  elpMision  tha  mix"-  nKomy. 
FciBiirkitble  Ikrt,  loi  lubtaawrllr  u 


K*iJ.-J^^UrTS,  XSD  CUAUa. 


H  •■»*>« c-rhialr.  Fl»  «.  w«lK>»  'W  lb>  per  Ini*  of  Impb;  i^ 

.1  wiKk'-ira[:lcr»~d,be6!S,  ua.orsiaobaln. 

bt  ilo'..  t'lvtii-r-1  wmii£lil-lrnn  rnll-lAliit,  MchlT'nlfmKdin 
■)  VtIM  '"*i.  oiMiiii  11  Uuuuilvnl;  uikhI  aadsr  >  heavi  traffic  id  iml,l 


|o 


Fft7 


« 


BAIL-JOIUTB,  AND   CHAIBB. 


'which  are  psiued  fi 


AopnfttafbueMthDndl.  TUe  DuU  im  tilndltnalj  UeetherlhuBc  buif  [,  cherun, 
fWdtlUnlHlIo.  To  pnveut  the  uuu  n  (ite  FIkBJ  fnjm  iinKra«lnellieinKlva,« 
JUulliudif,  or>^lac)ieqiuirairDii,nDb:bailDD  llw  lids  uit  ta  Ibe  not.  ia  InHHWd 
Ibennaa  tlie  nut  aad  ths  mil  i  om  t^uA  of  it,  i.  iHlng  twDl  to  clwip  Che  not.    Id  Fig 


i>  timlfij  buld  bT  IWD  ajillEiM.  u 


,    nxwe  of  them  Bnt  in 


..  iideiVBijieWuBi,  if  e»ei,  1 _._.      . 

1ml  %  iQcb  tliick.  uhI  w?ra  Hupportbd  upon  fbe  t[eH^  Ddfir  uup  donbld  bolt 
DMd  [uteidcf  wo.    The]  freqneally  brake  ictoh  tbe  Lolt-bc'- 


I.  bmenimt  compleM  <•  ■bout  ISUBk 

d  In  on*  mile  cS  iliigle-twk  nai.  tie  618,  MO,  it  3tl2  < 


wriBh|jUTlM,M«rn'-"*™il»r™r»lli'~«ln        i«r  »ut"for"  t'lirnoliuiuii]  ildiugal 
-tj^V  -"  --  ■ —  - 


■9  711^  0937, 

A  iBMIin«aHon  «f  tli«  rtlrev»> 
«hAir*  FIff  ^  bna  bem  EntmlTK^d  iipua  the 
lEndm  lUTar  R  R,  -       '  ' 


ley.   UiaahovDUFlga.  _ 


Iff  9  "t><™ 


rkable  ansikendell  fltafenlDK.  Mlled  the  RlnK- 


8»lBtt  hlgblTapimTedDfnC  one  dme  on  th<^Cnmd•'n  «  Aml'oy  ran.l,  nn  •'liiFh 
««emploT(.df.irmiinj  j«i™.iindiTah"Hvj-tr„fllc;  U>  thf  I.IU.OBI  eulire  eiclii- 
iloa  of  otberv,  except  Tot  expt^rLDeutal  campiuiBuii, 


■■i^ffi^fS, ""  onh-ld  (be  »irok»oM6e"'  .i  tiiB»  V"*"^^ J  *"      ' 
^^^n~    Jiauv  Ut  ih*  fruuirai  ara  beliro  Uia  Ho*. 


»ri'  BilL-JOOTTB,  AND  CHJ.IBS. 

mmr  u  i»  Liblib  falh)  rncDlng.  rt|  1.    Ta>  oud  HUH  Dkl  rud  U  tft.  Klui  Hii  I 


IMlfAw  n^inn,  anirlor  lo  n;  laMF  nr  lb<  aiWrMKul  unl  inDilit  Ins  ikkfn  piirtwil  ' 
MM  on  Ib-l  Tud.  TbiIMnt  li  iinpendal  tmiwD  1  ureal  Un.  pWM  I  n  uvt  Is  Us  tktr.'  Wh 
■  BItBt  {tims.  la  TrlsUs'i  ipllvl  oT  iwk.  3 1;  a  Hii.  inrl  I  n  bv.  ili>_id  iw  «•  sUc  u  M  ikisW  i 
iMsoT  lbs  nil:  iDleli>ni1ls1ain,tIlnilaiig.  liDDiru  nan  In  diull  ai  r.)  l>»id  di  Ui  MA 
si  on  nil.    Tlililbkaiiililiii«l>lil«ik>n<»iiHsd  u«Mbiir.  Drnmili  ihi  nB.  Itii'i  K-lHhsnS  | 

UiM:  niraailKP  W  look  >lsa|B>i*a(  h<(«Mh,  tud.iaawMd  laUal  mintes  iraH-BssWH  Hsk- 

stlni,  lim«  S  iDiB  U  l)0^  ■■■'m  tl«*s  iisiis  ailiXkIUi  osa  dS  sr  llisM:  K 

•Md>MirlS1uwl»H.mrwm*iTn>sliMHrs>.HUi.l>U>HMi  •■  UuEhuj^'mI'isiiki*: 
>im«Wt^  ™>  Itan  tin  r^l  qalu  psroanHlil;,  teina  U«  i^kB.  ssdas  tks  «SiinH  pisaaM* 

Ibq  do)  ibalr  DIsiF  et  19  IDs -Ma  Ql  iha  ralU.    Tb.  Uiiaki  Itea  lauua  uan  lo  (Bft*   im|wn  «S8'l 

ar  aaih  olHir.  TM  Mtaoaih"  Imta:  (Dd'lM  Han  H"".  Inn.  nkafx.  and  laai  If.  U 
hmii  and  imnliiHa ipm.  otliistoaiUrelj.  Tha  UDa-wdni  btnki  Boruali  aM  deoai  » 
li»f  Kbais  tliair  mn  ara  li  Miiul -riiti  lbs  nlL  Tlia;,bg-ir>r,  hanaaaignje  l»e«rDIolfi 


fiAlI^JOIK're,  AND  CHAISa. 


SIDE  VIEW 


t 


196  EAIL-JOINTS,  AND  CHAIB8.       ^^H 

Fiss  12  sbow  th*  LHmbarn  iind  Jaallce  BDapeBdMl  J«ll 

Xgm,  1, 1,  IH  iDi  Ma.,  bj  h  inn  UMt,  iiua  iBrnnili  in  bidu  tl  ts 'ma  lun  i« 
IhTGOfk  t  bolH  to  Uw  bu>  or  ui  tUliiuul  una^niu'  alUn,  •,  a,  a.  •.  la^  '"^'S 
lod  Uu  obilr  annli  Mtttbn.  ^H'kva  in  ibnl  rini  lug :  |ii  ld>  >litopt|u|ai3l 
U  Ibi  Mbii;  ud  in  mUg  ar  MB  ■  Hul M  !>•&  Ulal.  Inni  dmibU,    JllirlB?"V 

IT  Tbia  baHslbf  mu  tUDDd  la  ba  lluuni  naaulBiiiI  rnnn:^  or' Qb  nd  gr  ^rall.  uiiia 

Fig  la  U  VhmrlCH  E.  Hinllh,  Esqr's,  Inverted  T  Jolnl-ap 

bitsDiDg,  of  lollsd  Iron,  (or  fata  U  nil  ol  the  OuuauD  t  AtlautiD  rHllnnd. 


Fi«l+  1i  n  jnlnl-ltatwilng  propoied  manj  joari  ilnco  b, 
W.  Bae,  €  E,  of  PfDiu. 


Wg^:MWW  A  ftHtenlnv  of  l«i 

*^f«  S.'r,XKA7,','.- 

1  TLB  K'.tb. 

,      i  rBll-lolBt, 


Flff-15      "ly  1"''  "n"  "^T.  h«-  "f  l«l-  1-™"  l>«n  ..-M  "I.  «-n.8  Engl 
6  •"      III  elMUcitr  pormiU  II  1q  le  easily  allrvcd  uhfq  tU»  raili. 

g  Fig  K  'i  tta«  Vbienlx  Iron  f9'm  mil 

_       M  rBll-lolBt,  dsvUBd  imd  patuntL'S  b;  Ham" 

V^Lj*  t  ftiqf.  PMiUmt  ot  Us  Co,  of  PhilMti. 


;  'i,^^.\.^^^^r^^Sl-^^'^^^^ 


1  HTBNOUTa. 

17  is  M  flib-n>al«ilnK. 


TnENOnTS. 


■wlleb-mllB  I  ■  trofc-,  <. 
;ulde>r«lls.  e  e,  o  a,    'ik"  tt 

dlH]  liud  llw  eodaguHt  i,st  which  Ctivnujllnnlagnnteative  HielrtOd*. 

EinqdOirthli  nnUoii  or  the  toe  of  each  luiKh-nll.  U  «t]td  It>  tta  raw. 
galBB-.  It  Is  ihnwii  tnon  dMlncIly  %t  K^  A.  It  tniut  plaiolj  bR'aqiul  at 
I  Ihc  width  an  uf  th«  [op  of  thp  nil.  Id  addltloii  to  a  widlhzn,  lutBcicnt  la 
In  lliug«4  nr  Tha  whvali  tin  th«  truck  A  B,  to  ]»n  kIddic  iHidil;  barwoen  the 
and  k.    Thfl  tiilM  oT  t^\9  are  penerAlljr  betwwn  i  and  'J^  ins  widu  :  whlla 

1^  abDDt  $  Im:  thai  li.  the  Im  o  and  >  are  moTed  II  Ini  from  thsir  ari^nal 
B,iiihp«ii  bj  Ihs  dolled  Hon),  when  Iha  Imin  lilDtvdded  to  leave  the  track 
Id  t°  px  along  tha  liinionl.  la  the  track  C  D.  Thu  nalion  m  givrp  hj  menni 
irlMlt^ever.  which  will  he  deecribed  bj-nnd-by.  The  oBIIre  trtaDKular 
lie  a,  la  "^  Mbkiix  "t  lit*  It^  1  and  lU  nhkriii^d  U  the  itolnt. 
Ill  a  plBa:  and  Wgt  3  and  4  an  side  yiewe  of  p  (rog  aa  Moally  mada,  eithsr 
at bM  Icnn, or  of  it«l, or  otl'i  (wo tahAl™*.  FIb 8 1"  a  frog. aa tonwliniM 
ij  meni;  bending  two  plecM /(f, and  hi,  of  arrl\m,Tj  nitll, fiir fanaing  tha 
■  I  and  bj  ciilting  ond  holMng  logrtber  two  other  pieces  c  and  c,  ftir  the  Imgm 
M  Thi>,  however.  l«  ratel j  doBf ,  eicejit  ob  a  loropotiirr  eiptillent.  Should 
■nHnance  be  reiiaired,  alanl  Iron  chain  mait  be  lutradnceil  at  the  cnm-Uee. 


et^tJ  i«i^i^"  * ""  *' 


M  uoH  niti.  while  puilDB  brtuHrt  (kpin  mdA  rhB  cdfak-na.  d«  Aafj  pmvnl  Uiflffni««n| 

■anriu  nllv  frgB  pm^HT ■■■■aBi  ■^"iBf  ''?5  liii(ffirMo  (hsm  rtiMj  ifewf  Ibpfp —  ■'^* 

frtn  J  B  H,  rif  3.  vILbmrtrlUDB^ftlHpitbartarpgiriflr'IbFpDfDk 

A\v;  lAtfj  mifdriiv )l4b]e tiiv  11111111  vied  nr  aiMtaffab an  Pi  iKa  pniw1(vg«4t.   TMi  ti  pnrafU'da 
(*o  niH  PHVnn-iH  tafoff.  bj  Ihe  ivlte-nav  a*',  nUoh  map*  Itw  Ongtv  la  ihr' *■— ■ 


liEiqulty  ju  vliicb  tlv. 


rhe  mieb  nni  a  ".  n  i.  Fig  1.  vb-m  npfnod  for  thi^  tnmont.  rorm  Ihe  Uneta.  at  t1 
■■^■"liad  I  of  n-hkli  thBl«rDout<:Qrvini;m™iunieneu».  Ths  ajigle  M  which  Hi 
nmcKNMit  itKiraili  <tt.  rtg  l,  a««nniii»  h.iw  grml  moHl  Imthe.flnji-aiisifi  c 
n  4(«  tif  (he  LVns :  ar,  how  inftti;r  tlm'^  Ihe  t«n^th  ffc  of  the  totipm^  at  rnllii 
pvw DiHiT Ujwn  (h«  longth  ofn  I[ni9  trnmeUi  Iha  center  of  jlUuo  froni  Mai,  excw« 

Khnaui  Ct.  The  nuEiieidlslANti.3,4,10.  Ac,  KCOrdlnguUiK  »  a,  4,  an  . 
NnaKrester  nam  li;  thai,  Fir  H  fin  «o.  S;  MiFIra,  Nil.  6.  Thej  krlIikmI!.-^ 
■Maar  Hui,4tniO:  iriiliniiturtriKlliHnlnflnibeH,  'HviVnnb'n\aTum'm'>vu;^ 
Wto««m3S«wfl.Btopof  rhenillawM:  »iid  *4,[.Mwa\»ioti>% 'ii*i»^;^\ 
Omlat  mr3,  nllirt  al  tbs  nqdsnptlB.or  No.1.0  getOvettiwuBttc*  ymtAr,-^' 
qr'u' tbe  dliC  Ann  e  Eo  I  or  r.' nead  be  >.«  ETcMei  t>i«>  1T«\  l^-Te  B'-'^^V^''' 

""  •- m-HbiMEheaiidsar  lh«  MflB  I  Bna  m ;  ■withtwwnV'T  ■ftie^f^' 

fsjiwoiiriuw  H™   woB?'""'"         -       '*■ 


"^•^^.uib"'®*- 


TDSNOIITS. 


!!»•  liH  tar  >  tAH  m'^nl  mTui' 


E'SriS" 


«q  Uia  bflftdtdv  H  B.  ml  vMeh  onllDiir*  ttdki  dIcam  Inn,  eiqrpvd  vkib 
I  Tnt  rr"g  wuhi  Bp>ri:r  pvrrm  nQdidoD,  kp^t  tkt  vur  of  mart  Uiaa 


i?"i1?3Sli'Ki  «;'"°*i""' ••^'^'^""*" "" 


xl»-» 


A    r  -3M   =.  u   III  I  ■■■■nil' la  accoac:  or -wv^rnuoa  oc  ssf  i^  part.  «4U la 


'..J    iv    lai    :t«  a   SB  tJBM     •■   iA  .asw  ■■!       a  •  ».   lau    .     -=  .15:    ilnwtfw.   a  big  vllk 


I 


:     '    ->     "   r    '     '      r  iOt    n«    **■»■■   an—   'Buu. 

. -ii-'-it.  iia    <r    ^.— «.'.!  n-wM  •«•    r    ■>.•«   lajuv*  in  iataraaddaia -rf"  :aHw*  a  tbe  taki 

-i.ii     I-      ■.  >i    t    ucc    «-    at.u     ■AU.i.3w.-Hiu*«i-i«  "JMrnMUata.     ■'^•mpiUMu  4UBiiz-;h:7  k  aoc  aca 

ji:~    .-    !«''...    f    ^w   —v  ■:'•    -I    -•  .rcHUu.      ,    «*. -aiUMt  :u«mT«  .!■• '.o  j*  Jut  .u  :'«i  ia  crdcr 

•  I-    ;•»      liii    :»    sai.1    <"Kt"     ■     B«    *hn:«     bu   t    -fuuu   <« -iscaai  racaauniiaea:  at  the  til 

..._..       -*|.   ,■  -no    I    •!«    ^9   •    a«iat.iioi    %    »*iaa -'-i  -i 'Oe -aiuoto -mi*.   wij>a.  aliao«| 

'•■  ^--..-t.'.r    vt "tvt.   •   ■:-*v-'.v«-.-.*    •   jr  -  uxeiitth  .'raaCM**     .a -iui  lbmc  Uia  lurauMSU  taitpMi 

.    V    u*rj«  ma  »  i;9Mri    -iv  •  • 
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lOSilier  of  times  the  throw  dg^  describe  an  arc  1 1.  From  a  lay  off  the  dist  a  i,  equal 
3  a  ft,  and  ending  in  the  circnm  of  the  arc.  Draw  a  i ;  which  will  ctii  the  arc.  Draw 
Dy  sir.  making  the  angle  n»y  equal  to  the  fh>g  angle,  or  Na  Parallel  to  » y,  draw 
inet  fike  the  dotted  ones,  from  the  line  m  n  to  the  line  a  i.    This  done,  find  by  trial 


KiflO 

liich  of  these  lines  (here  it  is  too)  has  its  length,  wo,  equal  to  the  dist  (to ^)  of  its 
pper  end  (w),  from  the  toe  (g)  of  the  switch.    Then  is  p  o  the  reqd  frog  dist. 

Or  this  dist  may  be  calcalated  exactly,  by  the  formula  of  Uriah  Hunt, 
S;  thus, 


nvg  ditt  -=  2  {gauge  of  track — throw  qf  twitch)  X 

i%vitcft  angle    "^    frag  angled 
We  add  the  following  tables  for  facilitating  the  use  of  this  formula. 


JVa<  coking  of  ^  nat  cotang  of 
twitch  angle    ^    frt>g  angle 

Nat  cotang  nf    ,    not  cotang  of 


2f  o.  of 
frog. 


u 
u 

10 

9 


Frog 
angle. 

Cotang. 

No.  of 
frog. 

Frog 
angle. 

Cotang. 

No.  Of 
frotf. 

Frog 
angle. 

Deg.  MiD. 

Deg.  Mln. 

Deg.  Min. 

i     47 

ll.i>50 

8» 

6    44 

8.470 

5 

11    25 

4      69 

11.468 

8 

7    10 

7.953 

*^ 

12    42 

6      12 

10.988 

1\i 

7    88 

7.462 

4 

14    15 

5      27 

10.481 

7 

8    12 

6.940 

SH 

16    16 

5.     44 

0.960 

•» 

8    48 

6.460 

3 

18    56 

6      2 

9.461 

6 

9    S2 

5.954 

2» 

22    38 

6      22 

8.iNi2- 

b% 

10    28 

5.458 

2 

28    4 

Cotang. 


4.952 
4.437 
8.938 
8.427 
2.915 
2.398 
1.875 


When  the  gauge  is  the  ordinary  one  of  4  ft  8^  ins,  and  the  throw  of  the  switch  5 
IS,  then  2  (gauge  of  track  —  throw  of  switch)  becomes  8.5^2  ft. 


Length 
Switch. 

Switch 
Angle. 

Cotang. 

Length 

of 
Switch. 

Switch 
Angle. 

Ootsng. 

Length 

Of 
Switch. 

Switch 
Angle. 

Cotang. 

Ft. 

Deg.  Min. 

Ft. 

Deg.  Min. 

Ft. 

Deg.  Min. 

SO 

0      48 

71.615 

20 

1      12 

47.740 

10 

2      23 

24.028 

28 

0     51 

67.402 

18 

1      20 

42.964 

8 

3      0 

19.081 

26 

0      55 

62.499 

16 

1      80 

38.188 

6 

8      59 

14.361 

24 

1      0 

57.290 

14 

1      48 

83.366 

22 

1      5 

52.882 

12 

2      0 

28.636 

Art.  6.  To  And  tlie  rad  of  a  tarnont  enrve,  having  the  frog  angle, 
be  switch  angle,  and  the  frog  dist.  From  the  frog  angle  take  the  Rwitch  nngle; 
he  rem  will  be  the  angle  at  the  center  of  the  circle ;  which  angle  call  c.  Subtract 
bis  angle  from  18U°,  and  div  the  rem  by  2.    Gall  the  quot,  angle  a. 

m,««  ««.      N'^^  **w«  of    ,    nat  tine  of    ,  ,     -^^  ,.  ,    ,    „_  j 
Then,  as  angle  c        •       angUsL       ••    A'V'^***    •    *^«^- 

Art.  7.  It  is  frequently  necessary  to  start  a  turnout  from  a  curved  line  of  road, 
n  such  cases  the  frog  dist  can  generally  be  found  near  enough  for  practice,  from  a 
rawing  on  a  scale  of  about  ^  inch  to  a  foot.  And  so  in  the  numerous  cases  where 
nmouts  cross  tracks  in  various  directions,  in  and  about  stations,  depots,  &c. 

Figt  11  and  12  are  intended  merely  to  ftimleh  a  few  genera\  bViiU  'w\\\k  T^Qtv^iANA  «v»St^  ^Tv^\k,'^%. 
orloKUoee.  the  earreM  of*  mafo  trade,  ac  well  as  those  of  a  tnrtkoox,  s,«b«c«\Vs  ^:vv:«  t^A^n^Vn'c^ 
mdmit  of  being  drmwo  no  a  Male  of  J^  Inch  to  a  foot,  by  a  toAt  ot  4\v\4«t»,  ot  ^otttv""****-  ^''^X^ 

^/rMeit  '"f,«":eo».J  «  «  parte,  a  1.  12,  2S,  ko.  and  la?  o«  \»3  ««^*  ^*2?«Jr^^^ 
u^  ll^a2,BSf  So,  taken  f^m  the  table  on  pace  €B\.     Bj  ioVikVa*  x^j*  ^^VJ^I^,* 


««  «■/  two  eqnidistaat  pointa  n  aa4  n,  iu  **»•  i»sDft»  cwct* «  *» 
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•  o,  paranel  to n n.  Then  !•  m  o  ft  twag  to  the  enrre  y  m  I,  at  the  point  m.  From  m,  anA  9mm§,i 
off  m  o,  equal  to  the  twitoh  rail.  Having  determined  on  the  rad  of  the  tnmout  eunre  •  «  «,  prM 
to  draw  that  earve  b j  the  same  process  as  oefore ;  first  laying  off  the  angle  goi,  equal  te  tbe  taai 
tial  angle  of  the  curve,  taiwu  from  the  table  in  Railroad  Curves.    Then,  beginning  at  o«  laj off 5) 


diMs  aJoag  o  i ;  and  from  them,  aa  in  Fig  11,  drair  tlie  orda  oorreaponding  to  the  tiuiMWt  «d 


Through 4he  ends  of  thoM  ords,  draw  the  enrve  eve  Itself.  Then  the  f^  dist  will  be  tbe 
diat  from  o  to  e,  auil  can  be  measured  bj  the  scale,  within  a  few  inches ;  or  near  euough  for  prae 
The  middle  ord  of  the  are  o«  eannoc  be  found  eorreeUy  by  so  small  a  scale  as  ^  inch  to  a  foot 
ahonld  be  oaleutated  thus :  From  the  square  of  the  rad,  take  the  square  of  half  the  chord  ov.  1 
ihe  sq  rt  «f  the  rem.  Subtract  this  eq  rt  fkttm  the  rad.  If  two  other  ords  should  be  dealrad,  1 
wav  betwe<;n  o  aad  •.  and  t/fa  aenter  one.  they  may  each  be  taken  as  9^  of  the  center  one. 

The  frog  aagie  at  *  will  btteqnal  to  the  angle  rvd,  formed  between  the  tang  vr,  to  tbe  enrre  a 
nnd  the  tang  o  <i,  to  the  curve  o  v  «.  These  tangs  are  found  in  the  same  wi^  as  m  ^ ;  namely,  foi 
tang  V  r.  lay  off  tnm  v  two  equidistant  points  k  and  h,  on  tbe  eurve  a  e  o ;  and  through  •  drai 
parallel  to  ft  *.  Also,  for  0 d,  lay  off  from  «  any  equidistant  points  it  and  u,  on  the  curve  eve, 
through  »  draw  v  d  parallel  to  them.  This  angle  may  be  measured  by  a  protractor.  Or  if  on  the 
tangs  we  make  «  i  and  9  4,  equal  to  each  other,  and  draw  the  dotbed  line  4  4 ;  and  from  its  eenter 
draw  Co;  tiien  S  «  dividnd  by  4  4  4ili  give  the  No  of  the  frog,  with  eare,  and  a  little  ingenolty, 
young  student  will  be  able,  by  similar  prooesiies,  to  solve  graphioally  any  turnout  case  that  may 
aent  itself.  The  method  by  a  drawing  has  great  advantages  over  the  tedious  and  oompUoated  01 
latlons  whteh  otherwise  become  necessary  in  cases  where  eurved  and  straight  tracks  intersect  < 
other  in  variant  directions.  The  drawing  serves  as  ft  check  against  aerious  errors,  which  wool 
detected  at  once  by  eye.  Vone  of  the  graphical  measurements  will  be  strictly  accurate ;  but ' 
oare,  none  of  the  errors  need  be  of  practical  importance.  The  ordinates  for  bending  rails  so  1 
•■it  tnmont  curves,  can  be  found  from  the  table,  p  418. 

Art.  8.  An  experienced  track-layer,  with  a  good  eye,  can  place  his  own  gu 
stakes  by  trial  on  the  ground ;  and  by  them  lay  his  turnouts  with  an  accurac; 
practically  useful  as  the  most  scrupulous  calculations  of  the  enf2;inoer  can  secure 

The  Ciillowiag  example.  Fig  IS,  of  ft  turnout  from  a  straight  track  T  Z.  exhibits  a  common  ea» 
whieh  all  the  work  may  be  perftirmed  on  the  ground,  without  previous  ealoalatton.  Let  1  vo  be 
tnngne  of  a  frog,  with  which  the  assistant  has  been  directed  to  make  a  turnout  from  T  Z ;  and 
he  has  received  ao  instructions  more  than  that  the  turnout  must  start  at  d.  with  a  switch  da.  *2fi 
long,  having  a  throw  h  a,  of  5  ins :  and  must  terminate  in  ft  track  W,  to  be  laid  parallel  to  Y  Z, 
disunt  from  it  rs  or  rx,  equal  to  6  fL 


First  lay  off  <2 a  on  the  greand,  with  Its  5  ins  throw;  plaelng  a  stake,  with  a  tack  in  Its  top.  1 

Rtretoh  a  piece  of  twine  along  d  a,  and  extending  some  distance  beyond,  as  to  j;  ;  confining  its  e 

Then  place  tbe  tongue  of  the  frog  by  guess  near  where  it  must  come,  having  its  edge  « i  yreeUel 

J/ae  with  the  luaer,  or  flange  edge,  of  the  rail  h  r.    Then  stretch  another  piece  of  twine  along  the  < 

OP  of  tbe  frog,  and  extending  to  tbe  twine  d  g.    Try  by  m«aatiT«  -wb«lVkci  %*\s  then  equal  to  ea : 

if  It  ts  aot,  move  tbe  frog  along  tbe  line  b  r,  untV\  ihom  iwo  A.\«\,«\>iejQotci«  ««v^«\.  '^\i«cv\%«^X«\iT' 

p/ma«  for  ther point  of  the  frog;  a  «  is  the  froR  dVatt  one.\^a\t  ot  t*  \a  \.^*\e»«t^ «»V  V^%Tfi\^«j^« 

^^e  turnout  curve  av,  and  If  two  IntermedVave  orda  um umA«&«A> « »a^»,%aRJn.«A  >jB«m.^VL\\K 

VAf/W^hefo*^  no^p,,^^,  p,^,„eed  ibu.t  F\aon  ^IJVj^Sm^S,  ^S^'*t\^''\^;^^^^ 
•  pojne  n  of  In temeetinu.     Then  meaaure  n»,  anA  '«''^}* J^J^!^ lonsA  «a  \^«*\  «« 
"M  «4e  laiddie  one,  Ac 


MtPt 


>«DlnileUIUtFlg]iX.T, 


if  vhich  an  itpprored  patten 

incvnndcted  ti^gether  hy  rhira  3  In  A  tnmvenewFDDzht'irdnclBinlM 
Bl[li^fiudl<iin;  ibnonino^jilaiBtiialFigH;  and  a[  i  tn  np  IB.  TB, 
llMoctBlnp-ll«ra,/tIi.ia  nwi" 
-lb  u  It  b  med  tor  npcning  ■ 


intji  al  Fig  H ;  and  al  i  tn  riCH  IB.  ^B, 

■  ll>]«iolHl(dniEd.  u  shown  ■!  c,  FimX '\il''l"i»"nii>T«l  Ij" 
H  aiv.FigU;  MwcbedLDacaat-lntnawKflll-iititnd,  J.  d,  A.y:  or 
,  rig  H  atxiDt  S  R  Img,  br  idd  of  tb*  enuill  B.  This  tail  amnEemMit 
tnmbllnir  BWlleb.  llhiom  of  ibe  [ilmnmec  blorki  (nr  Ibt  limr- 
Mmnk  K.  niVDlvD  tn.    ThoM  l.lodka,  ai  al*>  Ihn  iwilch^tand  of  Flgl6.  >is 

iA^™^"*  *"  ■''™T«  l.vlfi«  Oat  upnn  thB  oww-Vif^sW-^'-^S^x 
r™  martngthaanrltoh;  coMxta^ttO;  ^  .__—»_  *i—™a*  •».'"• 


JH^I  of  a  pBcJiouh  p.     ^vUen  Ilia  luvoi  w  W«» 


BMraDnnil  the  enUir  n  !■  rstisd  Dp  la  oleiir  IlK  lU^  i :  tni  Un,  Isvbt  1(  lint 
minn  buk,  or'  toKsnl  Ibv  mdir,  sbiinl  ilu  inuh,  In  nnlrr  In  c-1e>r  tlia  Fi>>J«Ili>g 
Hia|,    llie  tlnatlcltjr  or  Ihe  limg  lOiT  pirtnlts  lliln  lul  lu  In  Ham  tndilf .    Ths 

fflbe*iwl™li-BtaBii,  wli-Ve  Il%''hoiid''B°'ruUi  i«  ftT  TLo  collsr  n  iCeu  bin  into  III 
Whe,  «  Hirb  ildH  uf  Ilie  Mai'te  L  kud  tlie  inullocli  la  repluvd.  Flgi  U'  wJI)  m«k« 
jbiiiMiai>ii)"ln.    TliBW-dniit,  oIouuTM,  DriuDcUviirt.l)';  kIibI  WEli»vegl«n  un 

liiin>lioDLRIiii>lltln'MliHk  IbM,  an  irllHit  In  Ibi  Idiii  KF>n  tUmn 


li£l(r'Th"bS^p!2."*tat«*w!'°.'f«?™ni"d  M^J^  FiD"18 

>d£MIlHieoFinrlnDi.ilUD<>,ibout1lDeEgi.<c,    -.       ^     ■■    -*  "g '" 
I  «ua  li>»>h  ilniHt  in  gnDluilu  lucnd  c  olini  Iddi     It^V  nBHlL 


MONKEr  SWITCH 


■"T^ 

,|     ,,,            „ J 

i  ■*  t 

lib  » 

F-^-t 1 

1       WHARTONS  SAFETY  SWITCH 

T  c  =  1  >|.    -«-^=.-^ 

."     "     l-lli      ■■    I-,.j20" 

Aina»«rBth(rRriiir>fth(!iniiln  trick.  EwiflD,  »ra  Hus^trhnttB;  *1(S  HmIj 

lOBSlharliytheinn.lttaniplmni.flfl';  »nfl  itlde  on  (In  Um,  Hko  o[hm.  FlB««''o«» 
Hrtln  iaWI  Iho  tm  of  Ihe  outer  .witch  E ;  wblrh  ta  \4TBiBiiu«\-5  W  •■V™*"-!^ 
&o>*rtt«(  «  ni«r  III  cloiw  la  Itie  miln  rail  B,  Im  A«  4W  x  t.'«^^'«^'*^-rS 
**  tomoflf.    riiwe  ,wftrh«  hare  Iwan  In  uhi  on  fhe  -Rdfltos  ™^t™™.^^ 


^ro                                               TUBMOUTS. 

T                                       MM         lUbl     UUb    m          «          U     1,         dHlldll      fk«1.-n.« 

SH^^!lx:'£"Li:lf'^'Sp£f£E;s™'^-i.'^  1 

1 

1 

HS£:H':-=H?lfliSiki:S€f.ssis 

ffsfsfirSMlsSfiHsSExiSiS 

nOolnit  TlH  H  HUU  U>  Quo  «  Ita  •&«»  K  u  pu>o<ir  •oditax  (bimKlD  nil  *,>NH 

KiEjilijffiJSWirar^--'""":"'^ 

■pa  ika  iLUdi.  tti'l  Ibi  pdnud  nn  bu  bmM  ef  IL4  full  wIdU.  ixl  ilnbcib. 
Ill  nwr  ■•tiiib  nn  RTfIiII.  11  pntldal  Mlh  •  BUHnlir;  »«  iIdxi  isTlgiltoll 

Tin  iMut  ml  li  fillip  or  Inn  nbonl  lUlmbD  dlimur;  ■  iIk  wUsb  li  rulllj  bnft  Iml  't 

la  and  ihe  mUoUi  m  br  Uu  wnniiivlluT  will  at  buch  bi  dsDemid  rron  UwIrlHaiiiltdrHH; 

TbplftL«T«]pRiiiire»DKdbj-nripHilii|lBH.lbii1dlb(.lal4nie1i7  tTianllE;  bhieb  lilHti 
mpporcal  v^iqit  LbB  lid*  of  IbB  PMln  nJ f  ■  [  wbloh,  tbfnfbre,  mwlvei  ttelAiefal  ix-rgiDHaT 


pmpvrlT,  tbu  wbu  ilH  «<4tqk  Id  fbiliiHd  In  tbewraBt  povlKn;  tlHi  tto<w1t«t  nlbvrtutl 
iBvvd  iMdwiiji  hddnTEliaHT'VUdi.  HdUHadHHiHtapiHDntrmDhdDdHBapB  tbaiM 

FlMtftn-Mi  welnrh-MCitle*.    Start  th«  nuking  of  ibMe  Ii  ■  dpntlkl^.'in 
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i»4al  annual  expennes,  on  ,U  States  railroads,  usually 
1  45  to  75  per  cent  of  the  receipts ;  the  mean  being  60  per  cent.  Few  fall 
lower  limit ;  while  few  exceed  the  higher  one.  The  average  of  all  the 
n  England  and  Wales,  previous  to  1865,  was  about  48  per  ct ;  In  1866^  they 
and  in  1867,  50.6  per  ct. 

•f  Hvernge  per  eeningen  of  the  irarlons  yreneral  Items 
Jell  constitute  tbe  annual  expenses  of  railroads. 


Items. 


!ce  of  way  and  works  *. 

yer , 

id  rp.newals  of  cars  X--' 

7  transportation^ 

penses  || 

I  Government  duties 

o  persons  and  goods 

iamentf  miscellaneotis... 


Approximate 
Average  of 
U.  S.  Roada 


Per  ct. 
25 

30  + 
10 
SO 
6 


100 


Areraae  of 
Sngliah  Roadi. 


100 


e  proportions  which  the  several  items  of  expense  on  tbe  Penna  Central,  between  Phila 
rg,  bore  to  the  total  expense,  were  very  nearly  as  follows:  Conducting  transportation, 
motive  power,  80.1;  maintaining  roadway,  27.S;  maintaining  oars,  12;  general  ex- 
total,  100. 

ese  items  is,  however,  suttfect  to  great  variation,  not  only  on  diff  roads,  but  on  tbe  same 
ear  to  year.  A  rood  with  many  bridges,  deep  outs,  high  embkts,  Ac,  to  keep  in  repair, 
avier  maintenance  of  way  than  one  which  has  but  few ;  and  this  item  may  be  but  small 
d  twice  as  great  the  next.  Fuel  may  be  cheap  on  one  road,  and  dear  on  another:  thus 
erecting  the  item  of  motive  power.  And  so  with  the  other  items.  Sometimes  mainte- 
y  exceeds  motive  power  and  cars  together;  at  others,  oondueting  transportation  is  ftally 
.1  expense. 

ross  receipts  per  mile  of  road  in  1868,  according  to  Poor's  Rail- 
lal,  wore,  in  Massachusetts,  $15400;  New  York,  $18142;  Pennsylvania, 
erage  of  the  whole  United  States,  about  $10000.  And  the  earnings  from 
tragod  about  2^  times  that  from  passengers. 

mnagre  on  the  N  York  roads  was  8625  tons  per  mile;  Massachusetts, 
Pennsylvania,  8000  tons ;  average  of  U  S,  about  2500  tons. 

»tal  annual  expenscm  on  railroads  in  tlie  United  States 

nge  between  65  and  130  cents  per  train  mile;  that  is,  per  mile  actually 
ins.  Also,  between  1  and  2  cents  per  ton  of  freight,  and  per  passenger 
e  mile.  When  a  road  does  a  very  largo  business,  and  of  such  a  character 
ains  may  be  heavy,  and  the  cars  full,  (as  in  coal-carrying  roads,)  the  ex- 
train  mile  becomes  large ;  but  that  per  ton  or  passenger,  small ;  and  vice 


g  bridges,  depots,  stations,  and  other  buildings,  roadway,  snperstrueture,  fences,  Ac. 

0  per  ct  of  total  expenses,  about  11  (7  to  14)  is  for  fuel ;  about  7  (5  to  10)  for  repairs  of 

1  12  for  pay  of  engine  drivers,  firemen,  cleaners,  oil,  waste,  Ac;  as  averages  of  a  great 
jads  of  every  character  as  to  length,  trafiic,  /to.  Fuel  ranges  from  5  to  12  cts  per  train- 
y  6  to  9  cts.    The  repairs  of  engines  from  6  to  14  ots :  usually  about  8  to  12. 

lal  repaiPN  nf  a  Inrf^e  8-wheel  pan^enfter  car,  ranges  between  about  $300  and  $600:  mail 
cars,  from  $150  to  $300;  freight  cars,  from  $75  to  $150;  coal  cars^  from  $20  to  $S0,  (i 

rages  of  clerks,  tickot-nellers,  conductors,  brakemen,  bridge  and  switolr tenders,  tele* 
rtera,  wfilKhers,  &c,  &c;  lighting  and  warming  of  cars,  depots,  stations,  Ac. 
of  the  higher  officers  of  the  Company ;  law,  stationery,  advertising,  office  rents,  fte,  && 
iries  from  2^  to  7  per  ot. 

2K 
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Table  of  Annual  Expenses  of  some  U  S  Railroads.* 


Namei  of  Companies. 


Lehigh  Valley,  1860 

"  «        1862 

"  "        186S  and  1869 about... 

"  "     .1872 

Baltimore  &  Ohio,  main  Rtem,  1859 

"  "  "        "     I860 

«  "  «*        "     1865 

**  «*  "        "     1866 

*«  «  ««        "      1872 

East  Tennesflee  it  Georgia,  1872 

Memphis  &  Charleston,  1860 

Georgia  Central,  1872 

Peuua  Central,  main  line  from  Phila  to  Pittsburg,  358  miles, 

1859,  exclusive  of  State  tonnage  t:ix 

1800,        "  "  "  «     

"  «'        1861,        "  "  «  "     

"  "        1868,  tonnage  tax  repealed 

"  "        1863,        '•         "  "         about... 

<c  ((        1872         "         "  " 

Phila  A  Reading,  18o9 .!!!'...*.!."!!!.!'.*.'."'.'.!!*.!.' 

1860 

"  1868,  365  miles  of  main  road  and  bnxnches... 

"  1869  

"  "         1872 

North  Pennsylvania,  1860,  54  miles  long 


Per 

MUe  of 

Road. 

9 


••«••••• • 


C( 


«c 


4434 
4254 


Per 

Train 

Mile. 

cts. 


103 

178 


54 
49 


2617 
4180 

7848 


it 

cc 


u 
it 
(t 


(t 

C( 

cc 

cc 


1862. 
1867. 
1868. 
1872. 


Connecticut;  average  of  all  the  railroiuls,  1861. 
Massachusetts;    "  "        "  "  1861, 


cc 


(I 


averages  of  19  years  previous 


.average. 


■{ 


>c 
«( 

cc 


1867   ... 
Galena  &  Chicago,  1859 

"  "        1800  

Phila,  Wilmington  &  Baltimore,  main  stem,  1859 

"     •  "  "        "      1860 , 

"  "  "        "      1861 

"  «•  "        "      1867 

New  York;  all  the  R  R  in  the  State,  average,!  1859 , 

<c  ^i  ^^  a  tt  tt  1861 

cc  cc  cc  cc  cc  %(  1867 

New  Jereey  R  R  and  Transportation,  1861 

Louisville  A  Nashville,  1861 , 

Phila  A  West  Chester,  1861,  27  miles 

"  "  1862 

"  "  1872 

Phila,  Germantown  &  Norristown,  1861,  20  miles 

"  "  1862 

"  "  "  1867 

Hew  York  &  Erie,  1861 

"  "      1807,  with  its  branches,  784  miles  in  all 

New  York  Centra],  1861 

*'  *•        1867,  with  its  brancYiea,  69^  m\\ea\w«\\.... 

^nglitih  R  K,  averages  for  185fr-7-8 
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Fael  for  loeomotives*  As  nearly  as  tho  M'ritor  can  judge  from  a  maps  of 
«ry  cuuflicting  tetitiinuuy,  a  tou  of  good  autbracitv,  or  of  MtuminoiiH  roul,  is  <>quHl 
u  IV^  cords  of  good  dry  bard  mixed  woods,  (chiefly  whitt;  oak ;  i  or  to  from  l-^  to  'J,^^ 
onu*  of  such  soft  ones  as  homlock,  white,  and  common  yolluw  pine.  Much  ot  tiie 
uferior  bituminous  coal  of  Illinois  is  hardly  equal  to  a  cord  of  avcnig<'  \v(kh1.  On 
Me  Illlnoiii  <'eiltral  in  1K6U,  the  engines  nin  al>out  2(Ki,U(Mi  miU>s,  with  average 
ndni  of  loy^  loaded  i^wbeol  cars.  The  wuod>burm'ni  aTem^ipd  S»  mile>«  per  cord  ; 
*r  234  cords  per  100  miles.    The  coal-bumera,  with  this  inferior  coal,  uU)^  miles  per 

on;  say  !^  tons  per  100  mikft;  making  1  conl  of  witod  equal  to  I^q  t<ms  of  coal. 
In  the  Cliicagro,  Burllnyton  dr  <|uiiiey  R  R,  a  vory  full  trial  (about 
.1000  miles  with  each  kind)  was  made  with  this  coal,  and  with  another  of  good 
itialitr  from  another  locality.  The  trains  averaged  2^l^  I'iKlit-wbcel  cars,  M'ilh  their 
laily  loads ;  and  the  rcrsult  was  IAm  tons  of  the  bad  coal,  and  2.2  of  the  >^)od,  per  100 
Biles;  making  1  ton  of  the  good  coal  equal  to  1.40  cordH  mixed  wood.**.  On  IllO 
ftreat.  We»ilern  R  R  of  9iaHH,  the  same  tniins  required  2}<^  tons  of  anthra- 
ite  |>i>r  IcK)  miles;  or  4  cords  of  hemlock,  (an  inferior  fuel;;  or  i  ton  anth  =  l.tf 
lords  hemlock. 

On  tlie  Pllllada  A  ROACllnfp,  pMsenitcr  trklnn  of  5  lar^  cnrn,  and  wpi«r)iing  54 
ous,  excluxUe  uf  engiue  and  ti-mlcr,  (or  attout  UO  touA  with  tlivm.l  u^•lHl  2.7  coni^  of  Kiwxi  mixed 
^ood«,or  1.5  toiM  iif  atith  piT  1(H>  niilcH.  Hero  1  tnniinth='l.H  curdx  or  wiuxl.  Ju  1m!7.  ))Rx«i'iiK('r  trains 
tfttionn,  laliout  I02  witb  vugiuc  and  tender.)  are  reported  to  um;  'l.'i'i  tons  piT  100  miloH.  Tbib  U 
noeh  greater  in  proportion  to  tlic  incrc-nHcd  weiglit  of  train  thnn  in  tlie  preceding  ca^e:  and  tliere 
routd  M«m  to  bu  mtnie  discrepuncj.  Ihu  freight  trains  um>  3.4i)  tonn,  and  tlic  very  lieavr  coal  trains 
1.75  tons  p«r  I(N)  lulles.  These  lant  consiMt  of  about  Wt  fourwhecl  couleurs.  weighing  2^ .  ^1:)9  racli, 
ir  Ml  tout  in  ail ;  IHi  loads  of  c<»al,  of  noarly  -l^i  tons  each,  or  44:t  tons  in  nil ;  and  engine  and  tender 
ibootfiO  tons;  nialiiug  tlie  entire  weight  of  the  train  734  tons.  The  ri'inrning  eniptT  trains  up  the 
"oad  weigh  2H1  tons  iu  all,  and  consume  a)M>ut  the  same  qunnlit.r  of  fuel  as  the  d<-M:ending  loaded 
lOM.  The  gru<le  of  the  SI5  miles  of  road  iu  the  direction  of  the  londtnl  trains  is  de^cendlng ;  most  of 
t  at  less  thon  <i  feet  per  utile ;  and  none  exceeding  14  ft.  e.xct  pt  :<  continuous  miles  ot  'J'J.4  ft.  and  a 
itreteii  uf  lesh  ihau  '2  miles  of  :t.'>  ft  iht  mile  ancrnding:  on  which  la^t  auxiliary  power  is  used.  When 
JMOoal  trains  huruol  wood  they  UM-d  al>out  \\-i  cords  to  the  prenent  ton  of  coal. 

The  mean  weight  of  the  loaded  coal  trains  dowu,  and  of  the  empty  ones  up,  is  512  tons ;  and  that 

'  the  passenger  trains  each  way  is  102  tons,  or  only  4  as  much ;  yet  the  quantity  of  fuel  consumed 

>S  (be  flrnt  is  but  little  more  than  twice  as  great  as  by  the  last.  The  tirst  run  alxiut  10  miles  per 
lour;  the  last,  'H  miles. 

On  tllO  Penn*A  GentrRl^  experiments  made  1  ton  of  Pittsburg  bituminous  coal  equal 
« 1.4W cords  of  w«M).l  (chietly  white  oak)  weighing  521.')  lbs.  or  2.:i2J<  tons  ;  nr  :J."»(Mi  lbs  per  cord.  Trains 
If  ic(ght-whet>l  fnMcht  cars,  weighing  W.X  tons,  and  loaded  with  :U  tous:  eni:ine  and  tender  41.56 
MiSi  making  lii,*>..')(i  tons  in  all:  in  asoending  12  miles  ofcontintiouH  grade  of  9.'>  ft  per  nille.  at  a  speed 
•f  n^i  miles  per  hour,  consumed  cither  I07:t  lbs  (.47H  ton  of  coal :  or  24K<  lbs  (l.li)»<  ton.  or  .70iM  cord) 
■f  wood.  This  in  liV)  miles  gives  8.(K>2  tons  of  coal,  or  5.91  cords  of  woimI  ;  or  say  4  tons,  or  A  cords ; 
■r  1  ton  coal  ~  I  'g  cords  wood.  And  thi^  accords  clobPly  with  the  comparative  consumption  of  an- 
braeite  and  wood,  in  hauliug  heavy  coal  trains,  on  the  l^eading  K  K.  The  passenger  engine  used  in 
ha  foregoing  experiments  weighed  'iS'^  tons,  of  which  IH.HS  tons  rested  on  4  drivers,  5k  n  diam.  U 
^*i  arranged  to  be  equally  well  adapte<i  to  coal  and  to  wood.  The  trials  show  the  effect  of  steep  np- 
rades  in  inerensing  the  eonsumption  of  fuel.  Thus,  on  the  Reading  road,  an  engine  with  20.tons  on 
drivers,  4tl  ins  dinm,  habitunlly  drew  diiwn  at  12  miles  an  hour,  trains  of  M)  loaded  cars,  weighing 
'ith  engine  and  tendor  about  r>2'i  tons  ;  eonsuming  at  the  rato  of  4'i  tons  of  anthracite,  or  7.1  cords 
r  wood  per  KM)  miles;  which  in  12  miles  would  be  .57  ton,  or  .H4  cord  ;  against  the  .4(5  ton,  or  .71 
>rd,  reiiulrcd  on  the  steep  grade,  with  a  train  weighing  hut  Si  as  much. 

The  performancoA  on  tlie  RaU  A  Otilo  appear  remarkable. 

Q  all  the  divitioni  of  that  road,  lexoept  the  mountain  ono.)  althouKh  th»  grades  are  much  heavier 
>ao  on  the  Kendinir,  pusscnger  trains  ns  heavy  as  thi>8e  on  tbe  la»t  roail  are  re()ortiiI  to  average  but 
Xnit  I  ton  of  bitnminous  coal  i>er  liM)  miles  ;  and  frciuht  trains  of  alHiut  AW  u:u*  gro«s  weight,  only 
tons.  Here  tbe  exporienre  with  pn'senger  trains  would  make  1  ton  of  Cuiiibi-rlainl  bituinluons  nn 
le  R  ft  O,  equal  to  at  least  2.2  tons  of  anthrarite  on  the  Beading :  which  Is  quite  ineri'dible.  Aeiuiil 
iai  on  the  It  &  O  made  1  too  of  beat  Cumberland  equal  U>  IM  Ums  of  anth ;  or  to  2H  cords  of  pine, 
eighing  2.5.'>  tons. 

The  run  of  freight  and  passenger  trains  throughout  the  V  States  is  20  to  40  miles  per  cord,  and  .10 
•A)  miles  per  ton.  Much  depends  upon  the  adaptation  of  the  engine  to  the  kind  of  fuel  used.  A  gi>od 
>al-bnrner  may  be  biui  for  wood,  and  vice  versa;  so  that  trials  with  the  same  eugiue  may  give  very 
Toneous  reiults  as  to  the  comparative  merits  of  the  two  kinds  of  fuel.     When  wood  is  used,  atiout 

cord;  or  when  coal,  about  4' cord  of  wood,  mnstbeuseil  for  kindling,  and  getting  up  steam  n>ady  for 
inning;  and  this  item  is  the  same  for  a  long  run  as  for  a  short  one:  so  that  lone  roads  have  in  this 
spect  an  ailvantace  over  short  ones,  in  «»inomy  of  fuel.  Wo<id  has  the  diiadvantage  of  emitting 
Mirks:  and  is.  mon'over,  nearly  twice  as  heavy  as  coal,  for  the  perforniunce  of  equal  duty  ;  and  is, 
erefore.  more  ex|H'n«ive  to  handle.     It  also  occupies  4  or  5  times  as  much  space  as  coal. 

To  find  the  tractive  power  of  a  1oooinotl\«^  wwW  v^^<^^Xvv;x  'Cw*. 


*A  eordh  <  X  <  X  «  ft,  or  I »  cub  ft.  A  cord  of  good  dry  wV\\\o  otkVi.  <.xv<«Tt\  Vcs  \vVX«r;  »>2«v*.\«"» 
yt/hrfaeU  woigha  about  HH'M.  or  I.5M  tons.  Dry  hemXoot,  ^\\\V«,  «t  t«^Ttvvcvv«w  ^v\\^^^v^^^^ 
hem  Infi'rinr  for  fiiol)  about  .9  ton.    Perfectly  green  'wooda  v^^TvwnWy  ^«\?.^  ^'««'^^  ^^T\  "^ 


»"»•  proporUon  m  tbslr  w.ighu  per  ooni  wHeu  v«rteot\3  ^'3  - 


I 


3»  » 


"i.--.    1.^  ^      °'f. 


Mvji««^.  vW  i-j-uli^-Mf  •Msrf;  i^  dt  fer  _*  n 


t^lii'i/M?  **  "*  *" '^'"'*'"  '**=*^  !""--'■»*>».■ -■•"■^^ 
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ea^irtll  of  lOCVmotiTes  in  feet,  rrom  out  to  out.  of  everytbinfc.  is  nsiully  abook 
sir  weight  in  tons,  aud  their  extreme  width  for  4  ft  8>i  inch  trade,  9  ft.* 

lelg^bl  of  tike  pipe,  or  tmoke  stack,  ia  uauallj  13  to  15  ft  above  the  rails. 

St4»uC  Mteel  drivingr-tirefift  bearing  abont.3  to  .3H  tons,  will  run  about  30000 
%  becoming  worn  sufficieutly  uueveu  to  require  turniug-dowu.  about  %  luch  in  thickness, 
u  diaiu ;  aud  will  bear  3  or  4  turaiugs-dowu  before  wearing  too  thiu  for  satcty.  Driving 
uuruaiii  are  about  5H  to  6  ins  diam. 

erS  of  passengrer  engrineS,  usually  weigh  5  to  6  tons  empty;  and  12  to 
iter  and  fuel ;  tliose  of  freight  engines,  6  to  8  tons  empty ;  and  15  to  20,  with  water  and  fuel. 
Lh  from  out  to  ouu  is  usually  about  ^  that  of  the  engine.    Extreme  width,  9  ft. 

^ngrer  eng^ines  usually  carry  iuel  and  water  suiooient  for  ao 

:  rarely  for  40  or  50.  Freight  trains,  enough  for  10  to  15  miles.  Itoads.  or  divisions  with 
!S.  require  the  fuel  and  water  sutlons  to  be  nearer  together  than  where  the  grades  are  easy. 
)f  passenger  engines  usually  contain  from  1200  to  1800  gallons ;  and  those  of  freight  engines, 
o  2200.  Twelve  hundred  galls  =  160  cub  ft  =  4.47  tons ;  and  2200  galls  =  2»4.cub  ft=8.15 
ioun  for  fuel  and  water,  as  well  as  those  for  passengers,  &c,  should,  as  far  as  possible,  be 
ie  summit  of  two  up-grades,  for  convenience  of  both  stopping  and  starting. 

sng'er  ears.  Eight  wheels ;  for  56  passengers ;  \('ith  water-closet,  and 
a  stove,  are  about  40  to  48  ft  extreme  length  from  out  to  out  of  bumpers.  On 
^^  inch  gauge,  the  extreme  width,  out  to  out  of  the  slightly  projecting  roof- 
4  usually  8)/^  to  10  feet ;  the  last  especially  on  sleeping-cars.  On  the  6  ft  gauge 
York  &  Krfe,  11  ft.  About  9*4  ft  is  ample.  Weight  empty  about  16  tons  ;  or 
3d  with  passjcngcrs,  about  20  tons. 

i,  even  when  the  cars  are  full,  there  is  a  detui  load  of  about  4  tons,  to  1  pitying  ton  of 

i{ut  as  a  general  rule,  passenger  trains  are  not  more  than  one-half  filled;  thus  making 

ion  at  least  8  to  1.    The  annual  reports  of  the  State  of  N.  York,  show  there  about  18  to  1 1 

ton  of  dead  load  for  each  passenger  I    In  England,  with  their  heavier  passenger-oars,  the 

an  some  lines  is  from  20  to  30  times  the  paying  one!  A  ton  of  paying /rpt'^Af.  with  the  cars 
ily  loaded  as  usual,  requires  on  an  average  about  1^  of  dead  car- weight ;  and  since  flight 
t  a  less  expensive  speed  than  passengers,  it  is  seen  that  the  carrying  of  a  single  passenger 
y  cost  as  much  as  that  of  a  ton  of  freight;  especially  when,  as  is  too  often  the  case,  u  con- 
ortion  of  the  passengers  are  dead-h»ad$ ;  a  class  which  travel  very  often. 

platforms  of  passenger  cars  are  usually  3J^  to  SJ^  ft  above  the  rails. 

lit  of  ears.  Passenger  ears  for  about  50  to  6o  persons,  14  to  18 
a^Sra^e  and  mail  cars,  8  w  heels ;  length  from  out  to  out  of  bump- 
t  40  to  45  ft ;  width  8}^  to  93^  ft  out  and  out  of  all,  10  to  14  tons.  Frelnrli^ 
louse  or  boxcars.)  length  30  to  36  ft  out  to  out;  width  7^  to  9  ft;  8  wheels, 
ns.  Platform,  aud  A^ondola  ears,  for  stone,  luml>er,  iron,  Ac,  8 
o  to  30  ft  lonjr  out  to  out ;  width  7  to  9  ft,  6  to  8  tons.  Coal  ears,  single, 
els:  2}/^  to  2%  tons;  and  carry  about  5  tons  of  coal.  Size  about  12  feet 
Q}4  ft  Avide  out  to  out  of  everything.  Double  ones,  on  8  wheels,  are  most  in 
;y  weigh  from  5  to  6  tons;  and  carry  about  10  tons  of  coal  Ordinary 
tg  ears  are  about  the  same  size  as  day-cars;  and  weigh  from "20  to  26 
t  some  rocent  ones,  to  accommodate  56  persons,  are  nearly  70  ft  long;  by 
a  out  to  out ;  with  16  wheels ;  and  weigh,  empty,  about  33  tons.J 

fvlieels  for  passeni^er  and  ftelgUt  ears,  are  usually  about 
ins  diam;  and  those  of  coal  cars  26  to  2^.  The  cast-iron  wheels  made  by 
.  Whitney  <fe  Sons,  of  l»hilada,  weigh  as  follows,  per  single  wheel.g  Combined 
tread  aud  flange,  5%  ins.    Cone,  1  in  21. 

Diam.     gg^        33^        3q^        28.        26.        24. 


ins. 


Weight,  5g.       ^QQ       4^       4QQ        350       335 
Ids. 

sights  by  other  makers  do  not  differ  from  these  materially, 
am  of  car  or  engine  wheels  does  not  include  the  flanges ;  but  is  the  least 
m  tread  to  tread.    Good  chilled  cast  wheels  will  run  about  100,000  miles; 
ich  more  durable  than  steel  ones. 


St  of  locomotives  is  about  $400  tc  $500  per  ton  ot  tbeVt  •wt\%\i\.',  v\x%  \fc\A« \s«\o»%%'«Lve«*'^- 
•n  in. 

a  Philada.  1H71.  75  fo  J8  cts  per  ft.  ,„  ,j^ 

MATg  AVBHAOK  pRtcKB  OP  CARB  lo  the  YUastCTn  state*  \tv\W\.    Pa4wnQ*»-taT%  w^^ 
on..  $5000  to  $6000.     />rawing-room  cars,  from  »5(W»  to  *\V5»Wi.     SUeiAuy  wr*,^^^ 

the  foregoing  on  8  wheels.     Coal  cora ,  i\ng\e,  4  wY*c*\a ,  « wAexi  'to^A\«*^  ^ 
^^S^ii.'"  ""'  •*»"*  »H  «»•  Vt  Tb-    ^r«u*YxV\xou%»V«*.l«»*^^*^^"^ 


ike  mltrantls  af  Peiinsylvanln,  <HUi  Ugir  iquipoK-dU,  h>vi  sMin tti 

I      LoKunotiie  lo  o«,:ry 4  nillua  uf  imuL 


illnormllroMI  tn  tIieworl<l^ii><ii«.oMB7i.  •bc^iumi):  •tMI 
riie  alar  uraxlea  r^F  wKmir  gr  (mliht-un,  m  •imt  Iruk.  ••anfa  A 


GnM»-UHi>tH^rL  hielm,  br'  ls>.  gaaUln  S.7IB  nabR  etcbi  ml  ir  pUccd  IMM 
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namw  bases  of  rails  restiog  immediately  on  the  erotsties,  witbont  ebsirs,  freqaently  produo» 
e  sueh  an  amount  of  erosbing  Id  the  ties  as  to  ii^ore  Item  materially  eren  befure  deeay  beglna. 
U.  Whitman,  of  Portland,  Maine,  has  patented  a  mode  of  obviating  thi«  by  leUing  into  Um  tie  a 
tlock  of  hard  wood  under  each  rail.  He  sella  maehines  for  catting  the  grooves  for  reoeiving 
blocks.    Bumetised  ties  rust  the  spikes  away  rapidly. 

Nit-and-rall  fences,  in  panels  8^  ft  long;  5  rails:  usually  cost  between 
100  cents  per  panel,  including  the  putting  up;  or  from  $512  to  $1280  per  mile 
ad  fenced  ou  butli  sides,  with  1280  panels. 

orm  fences  seven  rails  high,  with  two  rails  on  end  at  each  angle,  cost  about 
less.  Labor  $1.75  per  day.  The  scarcity  or  abundance  of  timber  chiefly  in- 
ces  the  piice ;  as  is  also  the  case  with  ties. 

IIAIUS. 

amber  of  rails  of  dlflferent  lenfrttas,  to  a  mile  of  slnfcle- 
BlL  road.  Length  3tj  ft,  '29'6%  rails;  3U  ft,  35:2;  25  ft,  422.4;  20  ft,  526:  18  ft, 
I;  16  ft,  660;  15  ft,  704.  Every  sq  inch  of  sectional  area  of  rail,  corresponds  to 
s  per  yard  run  of  a  single  rail ;  or  to  15.7143  tons  per  mile  of  single-track  road, 
eqaently, 

Wt  in  lb.  per  yd  of  rail.  "^'f  T^^tSJlf "' =^r«' of. "" 

^"  15.7143 

IS,  a  rail  of  100  tons  per  mile  of  single  track,  will  have  a  section  of  6.864  sq  ins ;  and  will  weigh 
lbs  per  yd  of  single  rail.  Add  for  turnouts,  sidings,  road-crossings,  and  a  triiie  for  waste  la 
tg.  Steel  must  inevitably  take  the  place  of  iron  for  rails,  or  at  least  for  their  tops.*  When  the  tiea 
.  place,  and  the  rails  distributed  in  piles  at  short  intervals,  a  gang  of  6  men  can  lay  ^  a  mile  of 
per  day,  of  single  track  ;  or  after  the  ballast  is  in  place,  a  gang  of  15  men  will  lay  from  9i  to  1 
>f  complete  single-track  superstructure  per  week. 

pproxlmate  averajjire  estimate  for  a  mile  of  slng^le-track 

railway.    Labor  $1.75  per  day. 

ibing  and  dearing,  (average  of  entirt  roadL,)  3  acrts  at  $50 $  150 

Ung;  20000  cub  yds  of  earth  excavation,  at  35  cts » 7000 

*          2000  cub  yds  of  rock  excavation,  at  $1.00 2000 

mry  of  culverts,  drains,  abutments  of  snuUl  bridges,  retaining-^waUs,  dtc; 

"i  cub  yds,  at$B,  average 3200 

Ul;  3000  cub  yds  broken  stone,  at  $1.00 3000 

hties;  2112,  at  60  cts,  delivered 1267 

«;  {dOlbstoa  yard;)  96  tons,  at  $100,  delivered 9600 

es 276 

•Joints,  or  chairs 525 

itUvery  of  materials  along  Vit  Une. 300 

ing  track. 600 

ing  ;  {average  of  entire  road,)  supposing  only  \^  of  its  length  to  be  fenced..  450 

U  vyooden  bridges,  trestles,  sidings,  road-crossings,  cattle  guards,  dc,  dc 1000 

idamages 1000 

Ineering,  superintendence,  officers  of  Oo,  stationery,  instruments,  rents, 

inting,  law  expenses,  and  other  incidentals 2033 

Total $32400 

1  Cor  I>epots,  Offices,  Machtne-sbops,  Engine-houses.  Passenger  and  Freight  Stations,  Platforms, 
I  Sheds,  Water  Stations  with  their  Unks  and  pumps.  Telegraph,  Engines,  Cars.  Weigh  Scales, 
,  ko.  Ac.  Also  for  large  bridges,  tunnels,  keA  Engines  and  oars  for  starting  bosiness  will  cost 
to  910000  per  mile  ;  increasing  in  time  with  the  traffic. 

ler  peouliarly  favorable  circumstonoes.  such  as  a  level  region  requiring  very  light  grading ;  and 
I  furnishes  plenty  of  sand  or  gravel  convenient  for  ballasting ;  and  by  the  use  of  a  lighter  rail, 
good  road  may  l>e  built  for  $'25000,  or  even  considerably  less,  per  mile.  And,  on  the  other  band, 
nstanoes  must  be  somewhat  unfavorable  that  raise  the  cost  to  more  than  f40000  per  mile,  exclu- 
f  buildings  and  outfit,  at  prices  in  1873. 


b«  writer  infers  ft-om  his  own  observations,  that  the  htkbl-cappsd  Ban.  of  J.  L.  Booth,  of  Ro- 
ST.  New  York,  is  likely  to  supersede  those  wholly  of  either  iron  or  steel.    It  is  an  admirable 
tion ;  and  we  think  it  possesses  advantages  over  one  entirely  of  steel.  When  the  steel  cap  wears 
it  may  be  renewed  without  renewing  the  other  portions  of  the  rail. 
ee  of  steel  rails  in  Philada,  in  1871,  $95  to  $110  per  ton.    \tou  o\iea,  v^^X^V 

The  eomt  of  a  complete  set  of  s1iov»  ot  >>t\«y,  tox  x.\v*  ^"s^^^^^^ '*^^S^«S 

» loeomotlveH,  mud  of  the  corresponding  number  of  paaaen^eT  auA  ox.\iw  ca.Tj%  ^^^\,5«, 
•najth  ahop,  foundry,  ear  shop,  boiler  ahop.  oopper  anA\>T»»a»Vvop,  v*-\^^*^*Vv«y^  ^, 
^SS'^f^*'  **•'  oorapJetely  famished  with  ateam  power,  \e.l\k«i»;JS^»»^^^^S*g^^Ji^^^^ 
^,^^7^'Z,'^'f  •"**  -PP'^ancea.  will  b«  aY»o^  trom  *l W»  V>  «^^^;S»wV^^ 
mminlfl^  f£j5*  '***'  •"  '^^'  "hould  adjoin  th«  l>ti\\A\Ti»;XT^o<^w*-'«  ^ 
^m£  !f  fcTi!v'S?f  *'°'J''  may  be  built  and  TurnUYieA  tor  ta6«». 

mM^/riJrjty:^!'''''  ■oo«».  ao  X  60  ft.  -urrouiiAed^J*  Y^«g^^,,«»x<iM^ 
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KAILBOADS. 

fAI*  1  Kadll,  Kiddle  OrdlnnMs,  ««,  oT  i 

(CoDtlnued.) 
The  Tugentlol  Augle  li  bIwiti  one-lmlf  of  th«  J 


For  ordlnnica  8  ft  npnrt,  n 
Ta  find  tttitK^Btlnl  and  de 

bord.    SLrlds^'/tti«  ctiurd  br  Ihe  I 
ng.   FindtliiBUnelHiginlhelBbleo(nanJnM;  Mdnmll  It  by  S  for  Ihe  iis[«iig. 
To  And  the  def  dlst  Rtr  cbords  lOO  It  Ions.    Bit  lOUuu  bj  ihe  tml 

To  Hud  the  def  dial  rnr  eqaal  chord*  of  nnv  ittven  lenBlh> 

liv  iiU/  [he  ei\<,a  churd  b;  Iba  nd.    UuLt  ll>»  qnot  b;  S.    UuTt  lti«  prud  bj  tbs 

To  And  the  lanrl  dial  for  oqaaa  chordii  «t  Kn^  ByleK^Kn«^ 

1M  Bad  ihcr-nglangiu,  than.  DIvAb  U  tj  4.  Kin*  \n  ftiB -jSii  "^  ™^ '■^«**" 
u ftDB  or  tlie  quot.    Jdvlttbin  nat  aIda  by  Iha  aU«n  cVnft-  -.^^ 

n*  Mai  ihe  rmd  to  Mar  Bl  wrn  d«f  buk.  lut  ■aua^  t\.w»»  ■*  "»3^^ 
"'"'"'e/^'olSO^.  FlQd  ite  DBt  bine  u[  hay  OiBte».  taW  \'oi» -h"- '«™ 
elont    -»I-Ui8p^l,j  nat  line  otd«E»nK. 
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tjLL«u  111  tbu  table,  uiay  bt  fi>uiiil  by  oimplv  prt^KirUw^ 
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Table  8.    I<e¥el  Cnttliisfl. 

Boadway  24  feet  wide,  side-elopes  1^  to  1. 
For  donble-traok  embankment. 


It 

.0 

J. 

5 

.3 

.4 

.5 

.6 

.7 

.8 

.0 

Ca.Tds. 

Ca.Tds. 

Ca.Yd*. 

Ca.Tds. 

Cn.Tds. 

Ca.Yds. 

Ca.Yds. 

Cu.Yds. 

Cu.Yd». 

Co.Ydt. 

8.94 

18.0 

27.2 

36.4 

45.8 

66.3 

64.9 

74.7 

84.5 

04.4 

104.5 

114.7 

124.9 

136.8 

146.8 

156.4 

167.2 

178.0 

188.9 

200.0 

211.2 

222.4 

233.8 

246.3 

256.9 

268.6 

280.5 

202.4 

804.4 

316.6 

828.9 

341.2 

853.7 

866.8 

379.0 

891.0 

4048 

417.8 

431.0 

444.4 

467.8 

471.3 

484.9 

498.6 

512.4 

626.4 

640.4 

664.6 

668.8 

683.3 

697.8 

612.4 

627.1 

642.0 

666.9 

671.9 

687.1 

702.8 

717.7 

783.3 

748.9 

764.7 

780.6 

796.4 

812.5 

828.7 

8449 

861.8 

877.8 

804.4 

911.2 

928.0 

044.9 

962.0 

979.2 

096.4 

1014 

1081 

1040 

1067 

1085 

1102 

1121 

1139 

1157 

1176 

1104 

1212 

1231 

1250 

1269 

1288 

1307 

1826 

1346 

1366 

1385 

1406 

1425 

1444 

1465 

1485 

1505 

1625 

1646 

1666 

1587 

1608 

1620 

1650 

1671 

1692 

1714 

1736 

1767 

1J79 
2b02 

1800 

1822 

1846 

1867 

1889 

1911 

1034 

1956 

1079 

2025 

2048 

2071 

2094 

2118 

2141 

2165 

2189 

2213 

2286 

2261 

2286 

2300 

[ 

2833 

2368 

2382 

2407 

2482 

2467 

2482 

2607 

2682 

2568 

2583 

2»>09 

2635 

2661 

2686 

2713 

2789 

2766 

2701 

2818 

2844 

2871 

2898 

2925 

2962 

2979 

8006 

3034 

8061 

3080 

8117 

3146 

3172 

32D1 

8229 

3267 

8286 

3314 

8342 

8371 

8400 

3429 

3468 

3487 

8616 

8546 

8675 

8605 

8636 

8666 

8f^04 

3726 

3756 

3785 

8816 

8846 

3876 

8907 

3988 

8069 

4000 

4031 

4062 

4094 

4126 

4167 

4189 

4221 

4252 

4286 

4317 

4349 

4381 

4414 

4446 

4479 

4ftl2 

4646 

4578 

4611 

4644 

4678 

4711 

4745 

4779 

4813 

4846 

4881 

4015 

4040 

4983 

6018 

6052 

6087 

6122 

6167 

6192 

6227 

5262 

6208 

5333 

6369 

6405 

6441 

6476 

6513 

6549 

5686 

5621 

6658 

5694 

6731 

6768 

6805 

6842 

6879 

5916 

6964 

6991 

6020 

6067 

6106 

6142 

6181 

6219 

6267 

6295 

6834 

6372 

6411 

6450 

6489 

6528 

6667 

6606 

6646 

6f85 

6726 

6765 

6805 

6844 

6885 

6925 

6965 

7005 

7046 

7086 

7127 

7168 

7209 

7250 

7291 

7332 

7374 

7415 

7457 

7499 

7541 

7582 

7626 

7667 

7709 

7751 

7794 

7836 

7870 

7922 

7965 

8008 

8051 

8094 

8138 

818  L 

8225 

8269 

8313 

8366 

8401 

8445 

8480 

8633 

8578 

8622 

8667 

8712 

8757 

8802 

8847 

8892 

8038 

8983 

9029 

9075 

9121 

9166 

0212 

9269 

0305 

9351 

0398 

9444 

9491 

9588 

9586 

9632 

9679 

9726 

0774 

0821 

0860 

9917 

9965 

10012 

10061 

10109 

10157 

10205 

10254 

ia302 

10351 

10400 

10449 

10498 

10547 

10596 

10646 

10695 

10745 

10796 

10846 

10894 

10946 

10995 

11045 

11095 

11146 

11196 

11247 

11298 

11340 

11400 

11451 

11502 

11664 

11605 

11657 

11709 

11761 

11812 

11865 

11917 

11969 

12021 

12074 

12126 

12179 

12232 

12286 

12838 

12391 

12444 

12498 

12551 

12605 

12659 

12713 

12766 

12821 

12875 

12029 

12983 

13038 

13092 

13147 

13202 

13257 

13812 

13367 

18422 

13478 

136.33 

13589 

13645 

13701 

13756 

13813 

13869 

13026 

13081 

14038 

14094 

14151 

14208 

14265 

14322 

14379 

14436 

14494 

14561 

14609 

14667 

14725 

14782 

14840 

14899 

14957 

16015 

15074 

16132 

16101 

15250 

15309 

15368 

15427 

15486 

16646 

16605 

15666 

16725 

15785 

15844 

16905 

15965 

16025 

16086 

16146 

16206 

16267 

16328 

16389 

16450 

16511 

16572 

16634 

16695 

16757 

16819 

16881 

16042 

17005 

17067 

17129 

17191 

17264 

17316 

17379 

17442 

17505 

17668 

17631 

176P4 

17758 

17821 

17885 

17949 

18013 

18076 

18141 

18206 

18269 

18333 

18.398 

18462 

18627 

18592 

18657 

18722 

18787 

18852 

18918 

18983 

19049 

19115 

19181 

19246 

19313 

19379 

19446 

10511 

19678 

i      196U 

19711 

19778 

19846 

19912 

19979 

20046 

20114 

i2Q\81 

wa2>4<i 

\      20317 

20385 

20452 

20521 

20580 

\*20«>1 

mvih 

Wv'^V 

\B5RRn. 

VtfS«iX 

1^000 

21069 
21765     1 

2/138 

21207    l2l2fI6  \«iia\ft 
21906    121975   \^204ft 
22614    \22685   \2r2n51 

Viu\b 

mvwc 

►  m\s^ 

»  N^'iSSj 

21fi94    h 

21835 

mvv^ 

i»  \2a\* 

rv  \«M 

22400     2 

*2471     n 

^2542 

I  \ia»fi 

a  Via 

SSV  \k15 

28117     -2, 

31S9     k 

J3261 

23334    123406  XlOM 

^  \^a& 

vi  \2a. 

ms     2 

13991 

24065    \24\39   VIW. 

la  Viv 

a^  N3- 

^^R^v  N 

24c 

m 

'03   /:» 

658       2 
i09       2 

4732 
6486 

24807    \24882   \a49 
25561    \25Q36  \^* 

r£ 


For eontina»tlon  to  100  fo«t.  »••  Ta»ia'*« 
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BAILROAD9. 


Tttbla  S.     lievel  Cattlnips* 

Roadway  IS  feet  wide,  Bide-slopes  1  to  1. 
For  single-track  excavatdon. 


Depth  I 

ia  Fu  i      .0 


0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2o 

26 

27 

28 

29 

30 

81 

32 

33 

34 

85 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4S 

49 

50 

51 

62 

AS 

64 

65 


Ca-Yda. 

70.4 
148.1 
233.» 
325.9 
4259 
533.3 
648.1 
770.4 
9t)0.() 
10:J7 
1181 
1333 
1493 
1&59 
1833 
2015 
2204 
2400 
2604 
2815 
30.3 
3259 
UXi 
3733 
3381 
42:17 
4500 
4770 
5048 
53:« 
5626 
59*26 
6233 
6548 
6870 
7200 
7537 
7881 
8233 
8593 
8959 
03:)3 
9715 
10104 
10500 
101)04 
■11315 
U733 
!  12159 
12593 
13033 
13i8l 
13947 


.2 


Cu.Yda 

6.70 
77.8 
150.3 
242.3 
335.6 
430.3 
544.5 
66().0 
7830 
913.4 

1051 

1196 

1349 

1509 

1676 

IS51 

2)33 

•2223 

24-20 

2624 

2S36 

3056 

3282 

3516 

3758 

4007 

4263 

4527 

47()8 

5«)76 

5;)62 

5»i56 

5956 

6264 

6580 

6303 

7-2;)3 

7571 

7916 

8209 

8029 

89.)6 

9371 

075:i 

il0143 

110540 

,10944 

11^56 

11776 

12202 

12036 

13078 

,13527 

'I39S3 


66 


WUQO   /14447 
IAH70    114918 


ll6S3:i 
'16126 
16S26 
173.13 


15396 

158«2 

16376 

.l'S76 

'173-4 


Cu.Ydi. 

13.5 
S5.3 
164.6 
251.3 
345.3 
446.8 
655.7 
672.0 
705.7 
920.8 
1065 
1211 
1365 
1525 
1603 
1869 
2052 
2242 
2440 
2645 
2858 
3078 
3305 
3540 
3782 
4032 
42S9 
4553 
4825 
5105 
5391 
5085 
5987 
62:)6 
6012 
603tj 
7267 
7605 
7951 
8305 
8605 
9033 
9409 
9792 
10182 
1 10580 
!  11)085 
'11398 
IISIS 
11-2215 
12^-^) 
131-22 
.i;i572 
;  14029 
,144<.)3 
14065 
15445 
IMWl 
lf>4-25 
lfty-27 
1743«^ 


.3 


.4 


.5 


.6 


Cu.Ydi. jCu. Yds.  Ou.Yds.  Cu.Ydii.  Co 


203 
92  9 
172.9 
200.3 
355.1 
457.4 
507 .0 
684.0 
808.5 
940  3 
1080    I 
1226 
i;i80 
1542 
1711 
1887 
2071 
2-262 
2460 
2666 
28>^) 
3103 
3328 
3504 
3807 
4057 
4:n5 
4580 
4853 
5133 
5420 
5715 
6017 
6:J-27 
6044 
6')68 
7300 
7040 
7986 
8340 
8702 
I  9071 
!  9U7 
I  0831 
10-222 
;  106-20 
110-26 
11440 
11S60 
;l-2-2S8 
1-2724 
131157 
1W\7 
14075 
\4f»40 

\\549t\ 

•\647?» 
ltv.^77 
174*^7 


27.3 
10«).0, 
1S1.3 
209.5 
305  0, 
408.0; 
57S.4I 
690.1; 
8-21.3! 
953.9 

1(>^>4 

1211 

1396 

155S 

1728 

1905 

2089 

22SI 

•2481 

2tJ87    I 

29«)l    I 

31-23    I 

3352    I 

35S8    I 

3832    ' 

4()S3    I 

4311    , 

4r»<i7    ' 

4SS1    i 

5101    ' 

5il9    I 

5745 

(048 

6:158 

0«76    I 

70»)l 

7334 

7674 

8021 

8:r76 

8738 

9l»8 

9485 

98(59 
10201 
lOOfil 

11007 
114S1 
119a3 
1-2:):V2 
1-27  OS 

13. '12 


I    r 


34.3 

1U8  3I 

18*).8i 

278.7 

375.0 

478.7 

6Hi».8 

708.3 

834.3 

9- .7.6 

1108 

1-256 

1412 

1575 

1745 

1923 

2108 

23()1 

2501 

•2708 

29  J3 

3145 

aJ75 

3«512 

38.-.6 

4108 

4;i0.8 

40".  4 

4!»a8 

5100 

5479 

5775 

0O79 

039<) 

0708 

70:54 

7368 

7708 

S056 

8112 

X775 

9145 


41 .3 1 

iio.i: 


19S.4 
288.0 
3S5.0 
489.5 
601.3 
720.0 
847.3 
981.3 

1123 

1-272 

1428 

1592 

1703 

1941 

2127 

2:121 

2521 

'2729 

•2945 

3168 

3:J98 

30;J6 

3881 

4134 

4394 

4601 

4936 

5-218 

5508 

5805 

6109 

6421 

0741 

7067 


Yda., 

4H.5 
124.0 
207.0 
297.4 
395.1 
600.3 
612.9 
732.9 
800.3 
995.1 


li:i7 
1-287 
14U 
1008 
1780 
1060 
2140 
2:140 
2542 
2751 
2907 
3191 
3422 
3660 
3006 
4100 
44-20 
4(i88 
4904 
6247 
5537 
6S:i5 
6140 
6453 
0773 
7100 
7435 


;7    I 


9:)-23 
9008 
10U)1 
10701 
1 1  ia8 
115-23 
11945 
T2:;75 
1-2^12 
132A6 


I. 


7401 

774:1  iiii 

8092  ;  81-27 

844*  R4S4 

8812  K>48 

91*«  9-2-20 

9501  9000 

9947  '  9986 

10341  10:i80 

1(^741  lU7>i.2 

11149  '11191 

11505  11007 

119K8  l-2a31 

1-2418  I -J  4  62 

l*2>^5rt  V2S^H) 

l.-ViOl  i;V146 

\-.\-;v\R    \;\754  li:i-o») 
\\\eA   \vi\\  \\vi<«v 

\\V\.\\     \\^v*>\  \\\--lSv 

^:^^<^-^   \%\^^>  \\v^n\ 

.AT>JA\     M>^^>^     ^-^'''^^t    Vx-t- 

\Afi^v»    \r^>-'^    X^^?'^;  \wN 
vrv2h    ^^--    \5\^A;t 


1 
1 
1 
1 
il 

li: 
If 


For  oontlnu&tlon  to 


TiU»le4. 

IjpvcI  Caltlntrs. 

1 

»i«i]Kiy  IB  te 

.,PL..1U10    1. 

I 

2           S           4     j  '6     1      E     1      7     ^     1      « 

C.ld. 

O.VS     CpYd. 

coTa. 

^"7^7 

'■:■; 

r-T4. 

""m 

Swi 

^ 

iSJ 

"^ 

_, 

ff>n 

lOM 

1168 

nn 

1«S 

iJw 

1J83 

IMl 

1  27 

20M 
S^3 

aor 
a"97 

9821 

^ 

at  36 

3m 

iiil 

S440 

tws 

ziia 

J6B8 

zflss 

MSS 

SMi 

806+ 

!«42 

31^ 

W2I 

3]e» 

■WIJ 

3S4i 

3300 

aa» 

3366 

S4S» 

aW9 

3617 

3684 

wu 

sew 

w'l 

roi 

*^ 

<,9I» 

!»J0 

4440 

4764 

4  ei 

4B33 

4801 

49.ll 

ms 

60S<I 

60-0 

6173 

6Sr8 

M3 

66X6 

6741 

6TO 

6  » 

6W 

S33a 

B4«0 

86*7 

a«M 

nil 

?Ti 

ew! 

15641 

MM 

«giiu 

J8S6 

,J™ 

'Iw 

■" 

'     ' 

w 

S293 

r^ 

sasi 

„ 

BM7 

3M1 

Ml 

lOlM 

0168 

ioTM 

[<rt2 

J     , 

, 

iwn 

f  n 

1  coa 

118OT 

IBM 

1™ 

Imi 

1  301 

I1M4 

ii«a 

1  02O 

653 

^n' 

ia.« 

'^* 

18336 

IMM 

141.* 

'  ml 

laICo 

■■ 
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Table  6.     lievel  CuttlnMrs. 

Roadway  28  ft  wide,  side-slopes  l^tol. 
For  double-track  ezoaTation. 


tl 

.0 

.1 

.2 

.3 

A 

.5 

.6 

.7 

.8 

.9 

Cu.Yds. 

Ca.Yd8. 

Ca.Y(U. 

Cu.Yds.  Cu.Yds.  j  Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

10.4 

21.0 

31.6 

42.4 

63.2 

64.2 

75.8 

86.5 

97.9 

109.3 

120.8 

132.5 

144.3 

166.1 

168.1 

180.2 

192.4 

204.8 

217.2 

229.6 

242.3 

256.0 

•267.9 

280.9 

294.0 

307.2 

320.5 

334.0 

347.6 

361.2 

374.9 

386.8 

402.8 

416.9 

431.1 

445.4 

469.9 

474.4 

489.1 

603.7 

618.6 

538.6 

5486 

663.9 

679.3 

694.7 

610.2 

625.8 

641.6 

667.5 

673.4 

689.6 

705.7 

722.1 

738.6 

755  0 

771.7 

788.4 

805.3 

822.2 

839.3 

866.6 

873.8 

891.2 

908.8 

926.4 

944.2 

962.0 

980.0 

998.1 

1016 

ia36 

1053 

1072 

1090 

1109 

1128 

1147 

1166 

1185 

1201 

1224 

1243 

1263 

1283 

1303 

1322 

1343 

1363 

1383 

1403 

141» 

1445 

1465 

1486 

1607 

1528 

1549 

1671 

1592 

1614 

1636 

1657 

1679 

1701 

1723 

1746 

1767 

1790 

1812 

1835 

1858 

1881 

1904 

1927 

1950 

1973 

1997 

2020 

2044 

2068 

2092 

2116 

2140 

2164 

2189 

2213 

2-238 

2262 

2287 

2312 

2337 

2362 

2387 

2413 

2438 

2464 

2489 

2615 

2641 

2667 

2593 

2619 

2616 

2672 

2698 

2726 

2752 

2779 

2806 

2833 

2860 

2887 

2916 

2942 

2970 

2997 

30-25 

3063 

3081 

3109 

3138 

3166 

S196 

3223 

8252 

8281 

:33IO 

3339 

3368 

3397 

3427 

3456 

3486 

3516 

8646 

3676 

3606 

:i636 

3667 

3697 

3728 

3758 

S789 

3820 

8851 

3882 

3913 

3944 

3976 

4007 

4039 

40:0 

4102 

4134 

4166 

4198 

4231 

4263 

4296 

4328 

4361 

4394 

4427 

4460 

4493 

4527 

4560 

4594 

4627 

4661 

4696 

4729 

4763 

4797 

4832 

4866 

4900 

4936 

4970 

5005 

5040 

5075 

5111 

5146 

6181 

6-217 

6263 

5288 

5324 

5360 

5396 

6432 

6469 

6£05 

6642 

6578 

6615 

6652 

5689 

5726 

5763 

5800 

5838 

6876 

6913 

6961 

6989 

6027 

6065. 

6103 

6141 

6179 

6218 

6257 

6295 

6384 

6373 

6412 

6451 

6491 

6530 

6570 

66('9 

6649 

6689 

6729 

6769 

6809 

6850 

6S90 

6931 

6971 

7012 

7063 

7094 

7135 

7176 

7217 

7259 

7300 

7342 

7384 

U26 

7468 

7610 

7552 

7694 

7f37 

7680 

7722 

7765 

7808 

7861 

7894 

79b7 

7981 

8024 

8667 

8111 

8155 

8199 

8243 

8287 

8331 

8375 

8420 

8464 

8509 

8554 

8598 

8643 

8688 

6734 

8779 

88-24 

8870 

8916 

8961 

9007 

9053 

9099 

9146 

9191 

9-2;i8 

9284 

9331 

9378 

9425 

9472 

9619 

9J.66 

9613 

9f61 

9708 

9756    !  9804 

9861 

990O 

9948 

9997 

10045 

10093 

10142 

10190 

10239 

10*^88 

10387 

10386 

;104:35 

10484 

10534 

10583 

10633 

10683 

10732 

10782 

10882 

10882 

109:« 

10983 

11034 

11084 

11136 

11186 

11237 

11-288 

11389 

11391 

11443 

11494 

11546 

11598 

11649 

117  01 

11753 

11806 

11868 

11910 

11963 

12016 

12068 

12121 

12174 

12227 

122S1 

l-i334 

12387 

12441 

J  2494 

12548 

12602 

12656 

12710 

12764 

12819 

12873 

12928 

12982 

13037 

13092 

13147 

13202 

18267    '1S312 

13;}68 

13428 

13479 

13635 

laioi 

1S647 

13703 

13759 

13816    113872 

13928 

13986 

14042 

14099 

14156 

14213 

14270 

14327 

14386     14442 

14600 

14668 

14615 

14673 

14731 

14790 

14848 

14906 

14966     U024 

16082 

16141 

,15-200 

16269 

15318 

ir)378 

15437 

15497 

16556 

15616. 

16676 

15786 

15796 

16866 

18917 

15977 

16038 

16098 

16169 

16220 

16281 

16:342 

16403 

16465 

16526 

16587 

16649 

16711 

16773 

16836 

16897 

16969 

17021 

17084 

17146 

17209 

17272 

17335 

1T398 

17461 

176-24 

17f.87 

17661 

17714 

17778 

17842 

17905 

17969 

18033 

18098 

18162 

182-.6 

18-291 

18356 

1W20 

18485 

18550 

18615 

18680 

18746 

18811 

18877 

18942 

19008 

19<»74 

19140 

19206 

19272 

19339 

19405 

19472 

19638 

19605 

19672 

19739 

19806 

19873 

19940 

2J)008 

20075 

20143 

•20211 

'20-279 

20347 

•J0415 

20483 

2(»55l 

20620 

•20688 

•20757 

-20826 

20894 

20963 

21032 

21102 

21171 

212U 

21310 

•ilS'-O 

21450 

21619 

21689 

-21669 

21730 

2i«no 

21870 

21941 

22012 

•22082 

22163 

22224 

22296 

22:366 

22438 

*22509 

22ft81 

22rt62 

•22724 

•22796 

2286S 

22940 

23012 

23(»85 

23\5t 

23J30 

•2:3302 

23375 

•2:U48 

•23521 

2.'J594 

•23661 

>an4\ 

Vr:»\\ 

>«a5K«^ 

23061 

24036 

241(f9 

'Ml  S3     24257 
i49'29    ,'25004 

243:n 

24405    \-iU%0 

VM5^^\ 

VjASflft 

24704   / 

'24779 

24Sn4     : 

•25079 

25155    W5^ato 

Vi^^i^^^ 

l&uar  /i 

*65S3    2 

5609     2 

*56fi6    /257f52 

25838 

25915    VlSmrl 
1-26686   \2ftT6 

.  \«^e 

/se-jss  12 

6299    !2{ 

3376   12 

W54    /26531     26609 

^    V2!&W 

VI  \iva^ 

t 

m 

Vn, 

f*  r*r\n  ^ivi 

nai-inw\ 

*-^  tru\ 

j(..^«.    > 

fl^-»V. 

1-.  »T 
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Table  8, 

Of  Oobio  Yards  in  a  lOO^oot  station  of  level  cutting  or  filling,  to  be  added  to,  or  Bub- 
'    tiacted  from,  tlie  quantities  in  the  preceding  seven  tables,  in  case  the  excav«- 
tfoofl  or  embankments  should  be  increased  or  diminished  2  feet  in  width. 


Cobio  Yards  In  a 

length  of  100  feet ;  breadth  t  feet;  and  of  different  depths. 

lirigkfeor 

CnUo 

Height  or 

Cubic 

Height  or 

Cublo 

Height  or 

Cubic 

Height  or 

Cabin 

Dspth 

Tardj. 

Depth 
in  Feet. 

Yards. 

Depth 
in  Feet. 

Yards. 

Depth 
In  Feet. 

Yards. 

Depth 
in  Feet. 

Yards. 

A 

.3.70 

.5 

162 

.6 

300 

.6 

448 

.6 

696- 

7.41 

21 

156 

41 

304 

61 

452 

81 

600 

A 

11.1 

.6 

159 

.6 

807 

.5 

456 

.6 

604 

14.8 

22 

163 

42 

311 

62 

459 

82 

607 

A 

18.5 

JS 

167 

.5 

316 

.5 

463 

.6 

611 

22.2 

23 

170 

43 

319 

63 

467 

83 

616 

.5 

26.9 

.5 

174 

.6 

322 

.6 

470 

.6 

619 

29.6 

24 

178 

44 

326 

ti 

474 

84 

622 

Ji 

33.3 

.5 

181 

JS 

830 

.6 

478 

.6 

626 

37.0 

26 

186 

46 

833 

66 

481 

86 

630 

A 

40.7 

.5 

189 

.5 

837 

Jb 

485 

.6 

633 

44.4 

26 

193 

46 

841 

66 

489 

86 

637 

.5 

48.1 

.5 

196 

.5 

844 

A 

493 

Jb 

841 

61.9 

27 

200 

47 

848 

67 

496 

87 

644 

JS 

66.6 

.5 

204 

.5 

852 

.5 

600 

.6 

648 

6'J.3 

28 

207 

48 

856 

68 

604 

88 

662 

JS 

63.0 

.5 

211 

.6 

869 

A 

607 

.5 

656 

66.7 

29 

215 

49 

363 

09 

611 

89 

659 

J6 

70.4 

.6 

219 

.5 

367 

.5 

616 

.6 

663 

10 

741 

30 

222 

50 

370 

70 

619 

90 

667 

Ji 

77.8 

.5 

226. 

.6 

374 

A 

522 

.6 

670 

U 

81.5 

SI 

230 

61 

378 

71 

526 

91 

674 

^ 

86  2 

.5 

233 

.5 

381 

.6 

630 

Ji 

678 

12 

88.9 

32 

237 

62 

885 

72 

633 

02 

681 

.5 

92.6 

.5 

241 

.5 

889 

.5 

637 

.6 

685 

13 

96.3 

33 

244 

63 

893 

73 

641 

93 

689 

.5 

loa 

.6 

248 

A 

896 

.5 

644 

.6 

693 

U 

104 

34 

252 

64 

400 

74 

648 

94 

696 

J6 

107 

.5 

256 

.5 

404 

.6 

652 

.6 

70O 

16 

111 

35 

259 

65 

407 

76 

666 

05 

704 

.5 

115 

.6 

263 

.5 

411 

.5 

659 

.5 

707 

18 

119 

36 

267 

66 

415 

76 

663 

96 

711 

J> 

122 

.5 

270 

.6 

410 

Jb 

567 

.6 

715 

17 

126 

37 

274 

67 

422 

77 

570 

97 

719 

^ 

130 

.6 

278 

.5 

428 

.6 

674 

.5 

722 

18 

133 

38 

281 

68 

430 

78 

678 

98 

7-26 

^ 

137 

.5 

285 

.6 

433 

.5 

581 

.5 

730 

19 

141 

39 

289 

69 

437 

79 

685 

99 

733 

.6 

144 

.6 

293 

A 

441 

.6 

589 

.6 

737 

20 

148 

40 

296 

60 

444 

80 

593 

100 

741 

BncAKK.  The  forcjrolnir  tobies  of  level  eattlnipi  may  also  be 
used  for  widtliH  of  roadway  greater  than  (hose  at  the  heads 
•f  the  tables.  Thus,  suppose  we  wish  to  use  Table  1,  for  a  roadbed  m  n,  16  ft 
Vide,  instead  of  c  6,  which  is  only  14  ft,  and  for  which  the  table  was  calculated.  It 
b  only  necessary  first  to  find  the  vert  dist  t  a,  between  these  two  roadbeds ;  and  to 
idd  it  mentaUy  to  each  height  t  <,  of  the  given  embkt,  when  taking  out  from  the 
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Wnnmbnn  (ircqb  jdn  curreiptriiLlliiij;  ti>  Ibirh^glits.  Hit  thin  nwa 


^m  TURNTABLES.  *^^ 

B  TURHTABLES. 

■HaUe  Is  b  platliBiiH.  umull;  frnin  tO  lo  tlO  n  long,  nod  kbont  S 

rcktaal0p.«4flHAud«Dppanv>ybEiiHdbrib1i^dlu-nU,»uia,LDFI|i7,  AGtta 
BUh  «  pUtwar  luniH  Ilia  p'l,  aiLheat  alspplHC  down  Ibu  111  upnlally  ivbvfl  DDdW 


■■  —  !■  blLljIBl  U>WI  bJiIbOj  upun  Uie  OMtral  ■mumrt;  ud  Lbui  J^FBa  UWBDd  roUin 

letlfrra  CBBf-lron  inrvtffble^  at  Ihn  h'elMiaawn  Arm  orWin.  Bfll< 


FIsS-IILaui  luio  .nut  nnnon  up  or  Ui<t Boalat- »'  lllbumiil  In  plui  lijr  v^a  l,(-^ 
I»ludlicu«il>.»>Di»ntHlDta.ritI;  •altr]  t>iilu-lnili1^-lii<u/.'FI(>.i>liU>Mi 

ntii»«li.    'Tliin>re>lwiAli«riliB»i  «Miib  ibni  »(  in.  hHblu  Ignilli,  nd  Ir "-^ 

tBlldU,  FliU.  ar  lbBni£'l>M,  nuuimpoTHenllinlUcnKlni 


■r  Iti  BttAi  Id  oiH  IbB  «|tn  li  dk  |HrrHn1irrtMl«44l^  dmb  ik#  tuD^r- 


tliloidiiir  ma  I>D  ■lF4in  ol  Uw 'Brllm  an  ■nslrDsBBMBMI  Dauiata^  nj  UaiVI 
iKuaitbQHadkarirtbrhinffBDiiUewjijBbcTaadlfeB  A4AKTK1iAaBi-r;r  Ihaoart  hv  ^'- 
Lnadliiu:  lwd  Hnnh  nd  dT  Lba  p^H^nl-    IntarmoiHaH  trBnaiHrta  aaanaMlw  li 


VFooden  turntti1>le«. » 


^^ 


WATEH  8TATI0BB. 


^atph  nrstop  rbrvrntTut 

Trtnned  EAlfh  t  Hbg  p  ^  lining  IL  Aununtfu 

-n.      n    !i-.\  il.     \  liiliiii(liiiMBUicBtloi.ull,i.li™H61»iI«K.IJ 

IJlffQ    rnXrTl      \  Maitaaliiblcl.UmlmOnuljBolirttolbeS*! 

^  bol    1^       IV  I"™  1  sort  Umup-tar  ■!  T.  ™u  lo  lu  1 *^^ 

B     !■       UL  plalfSriD  li  Mn(  Inma,    1  almllv  i 

nl  bidud  u  111  VDoikii  nr  lUiDe  goplEi  s  I 

;  u>  up  or  iD>  iiuini  nil  of  ibi  piL   nq 


WATEE  STATIONS. 


ICe  until  in  miillf  elrsulur :  ind  i  h»  inoba  inaHr  Id  *l»m  •!  Uu  tonw  Una  ul 
tku  tki  inn  liaiiii  ttiir  <rin  lUhL    Thilr  s>|iuri)i|uinllr  ■•H»  Fru  imD  »  MM 
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On*  of  SO  ft  dlMin.  OBd  13  n  deep,  nu^  have  S  hooiii  of  pwd  Iron; 


1 


•  pnleut  frml-praoriaBk  of  John  Bnruhiini,  Bnuvlii.IlllDnlB, 


., Tfh«  irsf«r  far  ■uppIjIiiB  Ihe  MnlM.   mnj  be  pamped   by  hind,    I 

Ibe  follawlNK  t»l>le  vill  rCn  name  ides  af  the  iMSBr  rrqd  in 
'C«nll«i  l[  BDit  i^K  In  1  aftcb  Doaucr  it  taon.  »  ■  rl«  hiiBir  •lifailn 
HlhMvnkMI  (•  u  U  Bi  par  >!  luB.I    Tin  Mnp  iluuljui  >Daan>t!i  pioirtol 

t^lBllr  Bvenwe  bttraetihonM  piitnp  In  8  bonrm  the  quantitlu  eon-    J 
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trmritr;  wtd  to  bsrt  Us  bottea  at  1mm4  KtaBlS Rab«f«lk«nili|  •t  atftay  gmtsrMfltvl* ' 


point  it  tarns  vertloallj  upward,  to  abost  8  or  10  ft  abort  tho  traok,  fbnalog  a  ■ttUid'pl^  < 
or  WAter-eolllllin  ;  from  tbe  apper  end  of  which  tho  wator  flows  rtluvagh  ollh»ahM« 
a  jointed  noxsle.)  as  in  the  ease  of  a  tank.    Sorcral  snoh  pipoo,  or  one  la^^v  osm,  bmj  be  klLk ' 
the  supply  of  two  or  more  engines  at  oaoe,  throagh  as  maay  staad-plpas.   when  the  pqp*  ■■kali  i 
bend,  and  beoomes  Tortieal,  is  a  ralve  for  opening  and  dosing  It ;  and  whidi  mmy  be  eei  led  m 
hand-wheel  plaoed  at  sooh  a  height  as  to  be  easllj  reaohed  bj  the  ea^iM  ntm^t   A  valfaoB  ikt|w 
olple  of  those  for  street  pipes,  (page  5T3,}  li  best. 

Fust  trains  ■omeUmes  seoop  wpi  water  wliile  In  latjiii 
tiponk  a  Ions  troofrh  laid  between  the  nhUa.  Length  nftTiin|.liihn 
^  taiile ;  width  18  ins ;  deptli  4  ins.  .-  ■ 

Evaporation  fVpin  IfOeopiotiTee.  Iixaddltkm  to  what  is  add  oa  i^ 
482,  in  the  passage  preeediag  ttab  taUe,^  we  niy  sute  that  the  eraperaileii  la  Mballj  thm  •  leTm 
of  water  to  1  lb  of  fair  ooal.  Henoe  if  we  talce  the  average  at  %H  fte,  or  saj  J  of  a  gailsB  of  mMrp 
1  Ibofooal,  and  asanme,  -—..-.  .  - 

per  mile,  and  a  fMf 
miles  bj  the  former 
englue  may  amount  to  150  galls  or  more  per  mile ;  but  snoh  Is  an  exeeptieoal  ease.' 

•  AN  uHcorsBSD  KBSKsvoui  M  ft dlatt  by  Rtl dto^  ttfced  with  brfek  or'maeonry;  will  viiH^ill 
from  iSMO  to  $8600,  aoeordiog  to  riroumstanees. 

tTHB  PBiCB  or  A  oAsT-nioH  wATBB>coi.VBiir,  of  O-ioob  bofe;  with  bed-plate;  boMhig-davfl  M^ 
and  washers ;  connecting- pipes ;  swing-Joint  with  oopper  arm  9  ft  long ;  TalTO ;  hand- wheel  ;Aui|» 
plete.  ready  to  set  np,  (by  the  Pascal  Iron  Werkb,  Fhilaia,  In*  I8TI,)  Is  $478  at  the  shop.  nb«» 
pany  manufhcture  oast  and  wronght-iron  pipes,  stopoooks,  valves,  flreplngs,  and  a  vast  nomlir  if 
other  iron  articles ;  and  have  a  high  reputatlea  for  tbe  exeellcaee  of  their  work.  OBlDe,  Xlb  fl| 
South  Third  Streeu 


or  rair  ooai.    uenoe  ir  we  taae  tne  average  at  o^  me,  or  say  jj  or  a  gansB  erwwr|r 

i  asanme,  as  on  page  4SS,  that  a  passeager  engine  evaporate*  an  aTersfe  ef  41  gelfa 

fMght  engine  iiO  galls,  we  shall  have  very  nearlr  1^  tons  of  ooal  eensninrd  y«M 

rmer ;  and  4)t  tons  by  the  latter.    The  evi^oration  from  a  heavily  tasked  pewrfl 
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GOSTOF  EABTHWOBE. 


nring  Is  takea  ft«m  the  ImiC  edMoa  of  Che  wiitar**  voIum  <m  Che  Ifaunremeat  ef  Exoava- 
EmtMuikiiieBts. 

1.     It  ii  AdTiMMe  «o  p«f  for  this  kiad  of  work  hjr  the  oabie  ywd  of  eseomrtfoM  only ;  in- 
lowing  separMe  prieea  for  exoavatioa  and  eBbaoUMnc.    By  this  aMaaa  we  get  rid  of  tbe 
r  meaNareneata,  as  vcU  ae  the  eontravereies  and  lawauita  wbioh  often  attMid  the  deter- 
€  the  allowance  to  be  made  for  the  setttement  or  subsidence  of  the  embankments. 
reover,«ur  opiufea  that  justice  to  the  eontrnetor  should  lead  to  the  Ell§rli8ll  pniC* 

pajriiiiir  the  laborers  by  tbe  cubic  yard,  instead  of  by  the  day. 

B  rally  prnv«M  Chat  when  laborer*  are  aearee  and  wages  high,  men  can  eeareely  be  doModed 
Cfanie-fourdis  of  the  work  whfeh  tbey  readily  aoeompHnh  when  wages  are  low,  ana  when 
M  are  waiting  to  be  hired  in  ease  any  are  discharged.  ■  The  oontraetor  Is  thua  placed  at  the 
lis  UMS.  The  writer  has  known  the  most  satisfMCtory  results  to  attend  a  system  of  task- 
■msiied  by  liberal  prewlams-fsr  all  overwork.-  By  thur  mehte»  the  Interests  of  the  laborers 
led  with  that  of 'the  eentraetor ;  and  every  man  takes  care  that  tbe  others  afaall  do  their 
ef  the  task. 

Iforria,  O  B,  of  PhHadelpbla,'  was,  we  believe,  the  first  pei'sen  who  properly  investigated. 
iM  af  east  of  earthwork,  and  redaeed  them  to  snch  a  fbrm  as  to  enable  us  to  calculate  the 
a  onosideraMe  degree  af  aepnraey.  He  pnMlshed  Ms  resalts^ta  ,the  Journal  of  the  FrankljUi 
a  18-11.  His  paper  forma  tbk  basis  on  whieh,  with  some  varlatlona,  we  shall  consider  tfae 
id  en  which  we  shall,  extend  It  to  wheelbarrows,  as  wejl  as  to  carts.  TfaixMighout  this  paper 
£  a  cubic  yard  considered  only  as  solid  in  its  place,  or  .before  it  is  loosened  for  removal.  It 
•eeetisary  to  add  that  the  various  fteqis  can  <nf  course  only.be  regarded  as  toleral^y  close 
idans,  or  averages.  As  before  stated,  the  men  do  less  work  when  wages  are  high ;  and  more 
are  low.  A  great  deal  besides  depends  on  tbe  skill,  observation,  and  energy  of  the  con- 
I  his  superintendents.  It  is  no  unusual  thing  to  see  two  contractors  working  at  the  ssme 
ireels«ly  similar  material,  where  one  is  making  money,  and  the  other  losing  it,  ftrom  a  want 
the  proper  distribution  of  his  forces,  keeping  his  roads  in  order,  having  his  carts  and  bar- 
Slied,  Ac.  Ac  Uncommonly  long  f>p«lls  of  wet  weather  may  seriously  affect  the  cost  of  exe- 
thwerk.  by  aiaking  it  more  difficult  to  loosen,  load,  or  empty ;  besides  keeping  the  roads  in 
tar  hauling. 

«gait)e  eoet  of  excavating  and  removfog  earth  li  made  op  by  tke  IkMowiog  Itenu,  aamely: 

moaaumg  tke  tart h  readi/ /»r  the  thoveUen. 

aarfi'Mj  it  b§  sJkooels  into  the  carte  er  6«rrs«p*. 

kutOng,  er  mheeUng  U  cuoag,  huAudimg  emtfitgimg  wtd  retifmfnf. 

vreading  it  out  infa  «wcceMioe  tef era  an  the  emfcankaianf. 

'<iteping  the  havUmg-reeid  ftr  cart*,  or  Che  ptank  gangmimyt  /br  tmrvUM,  te  §md  mdmr, 

'emr,  ekmrpfMing,  deprecUUifi,  and  imtmrmt-OH  eesC  «/Mels. 

Uprrintftidenee,  mtd  ftoaH/er-caurrher*, 

Sr^U  to  the  cQt«tiretet«r, 

ytnnAfx  these  items  a  little  In  detail.  Vaidng  our  ealenlatibns  «n  the  asflumptlon  that  com- 
cniitR  Si  p«r  day,  of  10  working  hours.  The  results  in  our  tables  must  therefore  be  in- 
dtminifthed'in  about  tbe  same  proportion  as  eomhion  labor  costs  more  or  less  than  this. 

E.    IiO<M«eMi«fr  tbe  eartlh  ready  f4»r  tbe  alM»Tellera.  This  is 

iooe  either  by  ploughs  or  liy  picks ;  more  cheaply  by  the  first.  A  plough  with  twn  homes. 
e«  tn  manage  them,  at  ^1  per  day  for  labor,  75  cents  per  day  for  each  horse,  and  S7  cents 
'  plou^.  including  harness,  wear,  repairs.  Ac.  or  a  total  of  $8.87,  will  looaett,.of  strong 
I.  Ttnta  ^00  to  3W cubic  yards  a  day,  at  f^om  1.93  to  1.29  cents  per  yard;  or  of  ordinary 
«m  to  COO  cubic  yards  a  day,  at  from  .97  to  .64  of  a  cent  per  yard.  Therefore,  as  an  ordi- 
fft.  we  may  aarnmr  the  actual  cost  Co  CIm  ooutracinr  for  loosening  by>  the  plough,  as  fol- 
ag  heavy  noils.  1.6  cents  ;  common  loam.  .6  cent ;  light  sandy  soils,  .4  cent.  Very  stiff  pure 
ttlnate  cemented  gravri.  may  he  set  down  at  2.5  cents ;  they  require  three  or  four  horses, 
kk,  a  fair  day's  work  is  about  14  yards  of  atlff  pureclay.  or  of  eemented  gravel ;  15  yards 
neavy  soils;  40  yards  of  common  loaun;  60  ystus  of  light  sandy  soils — all  measured  in 
eh.  at  $1  per  day  for  labor,  gives,  for  stiff  clay,  7  cents;  heavy  soils,  4  cents;  loam,  2.5 
it  fiandy  soil,  1.466  eeat*.  Pure  sand  requires  but  very  Uttle.  labor  for  loosening;  J&  of  a 
jver  it. 

\.    fthoTelllniir  the  lofNiened  earth  Into  carts.  The  amount 

lerdav  depends  partly  upon  the  weight  of  tbe  material,  but  more  upon  eo  proportioning 
r  of  pickers  and  of  carts  to  that  of  shovellers,  as  not  to  keep  the  latter  waiting  for  either 
■carts.  In  fairlr  regulated  gangs,  the  shovellers  into  carts  are  not  actually  engaged  in 
for  more  than  six- tenths  of  their  time,  thus  being  unoooupied  but  four-tenths  of  it;  while, 
nanagement.  th«y  lose  considerably  more  than  one-half  of  it.  A  shoveller  ean  readily 
cart  one-third  of  a  cubic  yard  measured  in  place  (and  which  is  an  average  working  cart- 
«dv  anil, In  five  minutes :  'of  loam.  In  six  ndnuCes :  and  of  any  af  the  heavy  soils,  tn  seven 
tM»  wouM  give,  for  a  day  of  10  working  hours,  120  loada.  or  40  cubic  yards  of  light  sandy 
lads.  or  3?H  enhie  yards  of  loam ;  or  86  loads,  or  28.7  yards  of  the  heavy  soils.  But  from 
ints  we  must  deduct  four-tenths  for  time  neeessairily  lost:  thus  reducing  tbe  actual  work- 
ties  to  2i  yards  of  light  sandy  soil,  20  yards  of  loam,  17.2  yards  of  tiie  heavy  soils.  When 
ern  do  less  than  this,  there  is  some  mismanagement. 

g  these  as  fair  quantities,  then,  at  SI  per  day  for  labor,  tbe  actual  cost  to  the  contractor 
ing  per  cubic  yard  measured  in  place,  will  be,  for  sandy  toUa,  \.VSn  c«u.^a\  VAsa^^  ««&>&% 
I,  Clara,  Ae,  5.61  eenta.  .^^jw  mw^ 

ie,  'the-^rtH  are  not  uanalfy  loaded  to  any  \e«a  »t«nt  wUYv  t\»  \«!a"v\«t  utJfta  ^'wa'ar»>yft 
.  Nor.  laOetd.  fa  there  any  neeeasity  for  so  dohig,  InnamuAYk  a*  ^!h»  ftSWetasoRft  «X  '**<^ 
lone  third  of  a  eubfo yard  of  the  various  »oV\a  \t  U»  aXVilht U» M*A.  wvi  a»X«!ew^-  •" 
tbe  amrt  road  la  kept  la  good  order,  aa  It  wiU  be  b j  anj  couUaaMK  -aibft  «b««i» 


,^\ 


:0»r    >F    HLVJ3TSWOaK. 


.      .     .-  .- — *.       J.    »-■•.-    ars   •««KSA  jt    lamtt  uwttc  -J  %-^a. 

•      -       - -  -i    -    -i-i*.    ■-     «--«    I    rT= -Bcn  •a.T     -ir  u  Iu»  tet  of  iijA 

.£.  .  -^     ^     ijrxA    •    -^ii*c«4  .1    Tfpriii'aiir    ■i,Ba.»     I^mi^mi  ;aiM   irwrt  w  ■  liwtiC 

..  ■    »    .—      .  ..- =•  J    zcrr  -—   so^iua  .f  '.UH  'Mc  «ta:a  in  the  ]tU;  tat 

-    *»-.-?-     -^if— '.-««'.    -'    a*    »  ^■aoM- •<« -m»    cr  ibt  twr  aav  <iv«u  arvn|elnd.vi 

.s.-*-        S...J*  wn,:SiC  -af     r    ac  •■^    •!  •  mum  -jm  um  AkaMrtf  UMlM 


u    »:ea     »   .  nvmui  tag  _     ,.   uu>M»«r  ai'  irv«.  •-  {mA 


—    it     ^  ■•WC4  ^     e*    .  (...vb   a  .  m€  «i<i>  "v^vaa  >ap  Jm§.  pmr  curL 


xria    .^   .«M   Am  i»  .rtS.    »»r— i-.*  ^n»t\  jmt  iMT.  «U4  ^n 


.    •»-»    .    .-:u:atf-   .-vxis   ■»  ^■•^r -ao  iiwi    ••r>ara.  vaicn.  u  Si  per  day.  bttvtfiP* 
■   ;£    &.-—.■•«     &r    «--&..-«    M.    2   ■»i-.3.  aauuas    c«  .obu   uuIt  spm  per  cut  $!.&  Tit 


>"  :.      ''^m-  iMDr    'i.-'v    nm    •    •«&  jiaaai    i  B  -a«  m.  !aa  *»  laaie<t>ja 

■   -r-«;--i    •■•Mr".    ■*■•  -si:;-!-"!*      =«•  .»au.   <"  ^inra   'f   laiu  i^"  ear^n  V.a;Mn9iMLNr 
•*    -.fk       C-.  r-sk  ••':    *■   sv    '=»n<«>">    2v  sauacaar  Ibr  aanihic.  pcrsaMcja^ 
^-    ■-.   ■-    :■".    :.a.   ■•«    •    "ai-.  tor^.  *»    t— -r    ik  S.i' 


^*t  «.uuaa  ^^    _    -         -  J  **»^ 

•  —J  AitMiaa    r    w    «f.  4  1 

■.■•  •ntrarr  S»  "a  x-i  "a  -e.  :a::>  ■/    a»  '^.lewnar  ae>ik-f  \a,m 


1  r-.  1.    »pr^tM<iTHc.  *r  l«v«4Iiiiir  ttlT  ck«  Murtk  into  rcgaltf 

:i:-i   ■.•▼'-rH    tn   "!1M  ■••ntlitllfe »•»■€-      -    wacaan  <«-i:  r7ntail -^^s  Jii m> I-^SMMi 

-^      -    -:  ■•    .»»•■•«■   "••.»     ..«v.«.  *.:.    lewoiiiaf  .a  tae.r  dxTWi 

^1  »    *'■    a    ^     -u~-.     uvi  «••  »A\   liB-inai   .  -.,  «eaia  u  ■  fatf  >Wip 

;      ••  ■-••».  ii   ».».-!    •  ^-.   ::«  -ar-;:   >  'iiut^  miBDiri -fr-r  :^•  «•!  »r  ib«cata* 

■(    ru.   »c     acu  ^AMiatk  M  ik^atni  jx  <it3cr  cue  f«r  ictyimiH 


■  .     *     -  ■ 


«  .   -       .      •!■  '..    .'.^i  .*   •     .ffu       ~     *^  iu-y.  _^rr  lar?. 


4rr.  *.   Kip^^iMac  «*t*  fan  >»«J  t«  v««d  ov^er  for  kMllH^ 

-■::-.  5  1^   I.'    *»-;         — n«i»i    Ufli'^-i     -n  i  tiiM  ii.;  at  >a«~  V  .^1  <>ff  M'«l*3" 

..-^     w    .>•■••-•  »—• !.■•■     :i— «»>»"  .       ■    r  i>:ia.    I"  t..w«  *»  B>H.*9  >jr  rm'*ae  r%r-i  far  laaiRfMlt 
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len  p«U  or  poih,  with  eqaal  foroM.  a  body  thai  is  between  them,  their  foroee  merely 
rauterbalmuoe,  or  de«troj  (aee  Rem,  Art  IS)  each  other;  but  tbej  produce  no  effect 
the  body  at  a  wAofe ;  it  temaloe  at  rest ;  and  bae  no  more  tendency  to  move  in  any 
If  both  foroei  wore  abMnt.  The  foreee  then  maraiy  strain  (pnll  or  push  against, 
)  each  other ,  and  iuep  each  otiier  at  reit ;  but  no  praotieal  error  will  ariae  from 
unon  phrasefriosy,  and  aaying  they  aot  upon  the  body  to  keep  it  at  rent. 

I  meaMH^ed  by  weislU^as  by.ponniis, tons,  Ac.  Itsftmoimt  or 
ual  to  that  of  only  one  of  the  two  equal  opposing  forces.  Thus,  if  two 
iiust  each  other  at  two  ends  of  a  rope,  each  with  a  force  of  30  lbs,  the 
I  rope  is  but  30  fi>s ;  and  it  is  equal  throughout  the  length  of  the  rope, 
forces  strain  each  other,  30  S>s ;  as  is  made  manifeiit  if  a  spring-balance 
any  part  of  the  rope.  If  a  rope  passes  over  a  pulley,  and  equal  wts  bis 
each  end  of  it,  then  the  two  equal  forces  of  gravity  of  the  two  wts  strain 
)ther ;  and  also  strain  the  rope ;  to  an  amount  equal  to  one  of  them. 
1  Strain,  see  Art  i;^  p  449. 

ng  forces  produce  strain  and  a  tendency  to  motion,  among  the  particUt 
se  a  body  to  which  they  are  imparted;  but  exert  no  tendency  to  motion 
ly  as  a  whale ;  because  the  particles  are  held  together  by  their  intemttl 
I ;  and  this  cohesive  force  reacts  against  our  extraneous  imparted  fbrces. 
lufiiciont  to  do  so  completely,  the  body  is  broken ;  and  tlie  remaining 
e  imparted  forces,  becoming  motioiiy  scatters  the  fragments  in  all 

a*  a  vhoU,  it  isolated,  detached  matter,  which  Is  not  adhering  to  anything  by  any 
in  itself  opposes  no  resistance  to  force ;  it  is  inert.  Therefore,  so  far  as  the  imparted 
■ued  with  it,  a«  a  wAole,  to  give  it  motion  in  any  direction,  it  is  merely  a  corpse,  over 
snding  forces  are  destroying  each  other,  in  their  struggles  to  get  possession  of  it.  If 
oroes  are  equal,  they  viU  strain  against  each  other,  until  they  are  mutually  destroved ; 
III  remain  unmoved  by  either.  If  they  are  unequal,  the  surriving  portion  of  the 
move  on  at  a  slackened  -pace,  in  its  former  eourse ;  moving  the  unresisting  body 
ee  Rem  3,  ke,  of  Art  28,  p  458. 

^orce  is  that  principle  of  which,  considered  simply  as  a  mechanical 
>w  but  little  more  titan  that  when  it  is  imparted,  that  is,  put  into,  a  body, 
ther  motion  alone ;  or  strain,  with  or  without  motion.  This  is  all  that 
lically  considered,  can  do  under  any  circnmstauces  whatever.  IfV'hen  it 
ion  alone,  it  is  called  moving  force.  When  it  produces  strain  alone,  or 
jn,  straining  force ;  or  simply  strain,  pull,  push,  tension,  or  pre8,aM  the 
As.  for  instance,  when  a  body  rests  quietly  on  a  table,  or  on  a  post,  Ac ; 
cd  by  a  chain,  rope,  Ac ;  its  effect  is  simply  strain ;  a  pnsh  or  pres  on 
ible,  and  a  pnll  or  tension,  on  the  rope.  There  can  be  no  strain  except 
are  at  least  two  forces  to  stniin  against  each  other.  When  it  produces 
otion  at  the  same  time ;  or  in  other  words,  when  a  part  of  it  produces 
:  part  of  it,  motion  ;  it  is  called  voftrking  force :  and  its  effect  is  %oork. 
I  man  is  lifting  a  wt,  a  part  of  his  force  is  straining  against  the  eqnal 
ty  of  the  wt;  while  the  other  part  of  his  force  is  giving  motion  to  the 
ill  his  force  combined,  is  at  work ;  or  is  working  force ;  or  performs 
rt  11,  p  448. 

different  Idnd*  of  force ;  but  diff  e/ee(«  of  the  same  force ;  for  there  are  no  diff  kinds  of 
e;  it  is  all  the  same:  no  matter  from  what  source  it  may  be  derived.  Indeed,  we 
,  and  without  fear  of  being  misunderstood,  call  it  simply  motion,  work,  or  straiif, 
Ich  of  the  three  effects  it  is  producing  at  the  time;  and  we  shall  frequently  do  so 
;  pages.  The  only  means  we  have  of  measnrinp  it,  Is  by  measuring  the  quantity  Of 
sffeots. 

■  bnt  force  can  resist  force.  When  all  the  force  imparted,  or 

■,  i.<«  unresisted  by  opposing  force;  it  produces  motion  only;  when  it  is  all  resisted,  it 
only ;  when  a  part  of  It  is  unresisted,  and  a  part  resisted,  the  first  part  produces 
3  last  part  strain ;  which  two  combined  cooHtitute  work.  A  single  force  can  produce 
least  two  are  required  to  produce  strain.   See  Art.  13,  p  443. 

stimes  defined  to  be  that  principle  which  either  dot*  produce,  or  tends  to  produce 
h  either  doea  prevent,  or  ttnd»  to  prevent  it.  Friction,  however,  which  is  classed 
ways  tends  to  prevent  motion ;  therefore,  when  the  word  force  is  used  alone,  it  must 
that  friction  is  not  included. 

infer  from  both  reason  and  observation,  that  force,  when  once  imparted, 
body,  would,  if  not  resisted  by  other  force,  remain  in  it,  and  move  it 

itraight  line:  in  the  direction  in  which  the  force  was  imparted;  and  at 

ocity,  or  rate  of  speed. 

re  in  practice,  that  motion  continues  longer  in  proportion  as  we  remove  resisting 
e  infer,  that  if  all  resistances  oould  be  removed,  it  would  continue  forever.     But  in 
not  remove  all  resisting  forces,  such  as  those  of  gravity,  wt.  friction,  the  air.  Ac. 
ainst.  or  re«i«it  the  forces  which  we  may  impart;  so  that  with  the  QT»evv^n\ik.  «>\  ^ 
the  force  of  grarity,  in  a  vacuum,  it  Is  dif&cuYl  lo  meuxXou  M.Qa&«Q\  vEkQ'Cvn!^  ^^"va^ 

iter,  in  Unelf^  cannot  resist  force,  ^t^e  K?rt.%  ^  ^\w^^V,  '^^^ 
motion  alone,  without  strain,  it  la  otton  caW^^  Duaaw\c  loT^y^N  h»^ 
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Koi  3.  Ths  I.lvlni[Foi 


ce,  or  via  vl  v«  of  aclcnmic  nTlten,  l>  nvtbl 


«  Id  &  bud)  al  any  tffven  liatuit,  could  uerfarm^  If  le 
rt)ci>lvliigu>ywlil)Uuuiilll.Wg.  B»  AM.  lii,  p  Wt.   . 


^1f  at  bt  Ldtpuifld  rcmH  t  tHLUnnly  QBHQ  Ihiht  LnihUI  of  hbUuoIiii  to  ilvBftlr* 
puiBBljrmi  vllvb»«aaliupamdrltihk1l|lTi4ilawar,  trai  fqpBl  qav.  (Afirtry 
D  »  bair  brvAMj  arj  uw  ftpplEDHIOD  of  outward  fdra*.  H  IkILvkic*  UiftI  IbB  whvilf  v  I 

•irny  rroia  ibB  nraalndHr-  vllh  btme  mL    S«  Xrt  Tf.  n  w. 

niir  tbfl  ligH  bmr  ki  vblob  HH  Impart  fbm  Id  ur  ftlKfOox. 'a  ivl  A"  "*  "t^n^^B^ 

Art.  K.  We  naant  clearly  dlstlKCulata  betwven  merer 
Mr  <*  bodr,  nnd  lining  It.  The  amiillMi  li.ini^iwble  fome  <roald 
Mwlliy  utiier  furra,  iwnv  tlu  grenlait  imiiglinblB  body:  bal  If  we  applj 
[fl»lioa»,  then  lUwt,  orforeeof  gra»ily,  reiliu.    I'd™  applied  manrlj 

ah.nDEriwulmxupbll'hlliwhlchcustiB  li  llCtlng  buth  UlniKlf  ud  ui 


JLlmto  of  lowliliuir,  n9MlJ  •"  "i*"  ^"^  ""  ""W^*^ 
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ns,  which  resiat  the  action  of  gravity  of  the  parts ;  so  that  the  working 
lower,  has  only  to  overcome  the/f*tc<»on ;  and  not  to  lift  the  weight  of  the 
;  expression,  **  overcominiT  ^be  inertia  of  a  body,''  is  founded 
:al  error ;  for  there  is  no  such  resistance  as  inertia  to  be  overcome.  Inertia 
le  of  a  fact;  not  of  a  forcf.;  and  that  fact  is  simply,  that  matter  does  not 
e.  What  is  called  overcoming  inertia,  is  simply  putting  in  force. ;  as  when 
-ater  into  a  glass,  we  do  not  overcome  any  resistance  of  the  glass  against 
d ;  we  simply  apply  the  water  to  the  glass,  which  receives  it,  and  retains 
by  applying  force,  we  take  it  out  again.  **  Overcoming  the  inertia  *'  of  a 
rain,  &c,  therefore,  means  nothing  more  than  that  if  we  wish  the  train  to 
must  put  moving  force  into  it.  It  is  inert,  and  cannot  move  of  itself.  See 
L53. 

.  Care  must  be  taken  not  to  confound  motion  with  vel.  Telocity  iu 
e  of  speed  of  motion ;  or,  in  other  words,  it  is  the  dist  moved  over  in 
ne,  wi  til  out  any  regard  to  the  wt  of  the  body.  Thus  we  say  that  it  moves 
,  or  at  the  rate,  of  10  ft  per  sec ;  20  miles  per  hour,  Ac ;  whether  it  weighs 
3r  a  ton.  The  vel  of  a  body  of  given  weight,  is  in  direct  proportion  to  the 
nni-esisted  force ;  and  in  inverse  proportion  to  the  wt  of  the  body ;  that  is, 
•ee  times  the  unresisted  force  will  give  to  the  same  body  two  or  three  timev 
r  if  one  body  has  two  or  three  times  the  wt  of  another,  the  same  amount' 
ted  force  will  give  it  but  ^  or  ^  the  vel.* 

.  We  Impart  force  to  a  body,  by  apply Infc  to  it  (that  is,  by 
nto  close  contact  with  it)  a  second  body  in  which  the  force  already  is.  We 
rimiiiate  between  applied,  and  imparted  force ;  and  the  precaution  is  the 
sssary  because  writers  generally  appear  not  to  recognize  the  distinotioB. 

tree  is  merely  carried  to  a  body ;  imparted  force  is  put  into  it.  A  heavy  body  ooDtaiuing 
may  be  applied  to  a  small  b<>dy  containiDg  none ;  and  yet  the  former  may  impart  bnt 
force  to  the  latter.  If  we  place  a  body  on,  that  in.  apply  it  to,  a  steep  inclined  plane,  we 
be  wt  of  the  body,  or  its  force  of  gravltr ;  yet  only  a  portion  of  this  force  is  impartoS.  or 
I  plane;  while  another  portion  remains  in  the  body ;  and  being  unresisted  by  the  pnne, 
e  motion  of  sliding  down  it.  Force  may  be  applied  to  a  body  in  any  direction  whatever; 
.mparted  to  it  only  at  right  angles  to  the  surf  at  the  point  or  application.  See  Art  19. 
it  of  a  body  to  which  force  is  applied,  is  called  the  point  of  application;  bnt  in  fact  ws 
ractice  apply  force  to  a  point,  according  to  the  scientific  meaning  of  that  word  :  bat  hare 
ilstributed  over  an  appreciable  area  sometimes  very  large)  of  the  surface  of  the  body ; 
lained  in  Art  57,  it  may,  so  far  as  regards  iu  action  npon  the  entire  mass  of  a  rigU  hodv, 
ed  as  applied  at  one  point.  The  expression,  direction  of  a  farce,  may  refer  either  to  the 
which  it  is  applied,  or  to  that  in  which  it  is  Imparted  ;  or,  in  a  word',  to  that  direotioD, 
may  be,  in  which  it  may  happen  to  be  acting  at  the  moment  under  consideration. 

i.  When  dilf  forces  act  upon  a  body,  it  is  absolutely  essential,  in  consid- 
r  effects  upon  it,  to  know  whether  they  all  act  In  the  same  plane  $ 
Y  do  not,  their  eflfects  become  totally  diflf. 

36  of  paper  is  a  plane,  and  if  on  It  we  draw  any 

itraight  lines,  in  any  direction  whatever,  they  will 

t  many  forces  all  acting  in  that  same  plane ;  that 

!  flat  surface  coincides  with  the  directions  of  all  of 

ill  evidently  do  the  same  in  whatever  position  this 

may  be  placed,  whether  hor,  vert,  or  inclined. 

les  drawn  on  the  floor  of  a  room,  will  represent 

U  same  plane:  lines  on  the  ceiling,  forces  In  that 

;  which  of  course  is  iiot  the  same  plane  of  those 

;  so  with  lines  on  the  sides  of  the  mom.     All  the 

at.  ct.  Pig  2,  are  in  the  same  plane  f  o  i  e.  Although 

plane  toic:  nnd  I e  at  the  same  time  in  the  plane 

n  the  plane  tone;  and  t«in  the  plane  tneg;  and 

sue  it e».  still  all  of  these,  namely,  it,  te.  ae,  and 

ently  in  the  same  plane  itea.    Any  two  lines  which  meet,  or  would  meet  or  intersect  each 

Rciehtly  extended  in  either  direction,  are  in  the  same  plane :  as  o (.  1 1 ;  or  at,  it',  or  ta, 

wo  lines  may  be  in  the  same  plane,  and  yet  not  meet  if  extended ;  as,  for  instance,  the 

enct,ge.in  the  plane  tcge.    The  lines  a t  and  g  e,  being  in  parallel  planes,  oict  and 

not  meet  if  extended. 

e  must  not  confound  acting  in,  with  acting  on.  vpon.  or  againat  the  same  plane.  Tho 
om  is  a  plane ;  and  upon  or  againat  that  same  plane,  forces  in  a  thousand  difl"  planes  may 
istinction  is  so  self-evident,  that  a  bare  allusion  to  it  will  prevent  mistake.  SeeFlg533<, 

II. 


iB  VKLOcrTT.    When  a  body  revolves  around  any  center.  It  is  plain  that  the  parts  which 
:  from  said  center,  will  move  faster  than  those  nearer  to  Iu    Therefore,  we  cannot  assign 

in  ft  per  sec,  or  miles  per  hour,  that  shall  apply  to  every  part  of  a  revolving  body.    But 
r  plain  that  every  part  of  the  body  revolves  around  an  entire  circle  of  360"  of  angle.  In  the 

Hence,  in  many  scientific  investigfitinna,  the  nnmber  ot  4e%Te*%\««  utaV^^isfe^.^NxAV^^.^. 
tee,)  to  denote  the  ret  nf  >uch  a  body  ;  and  la  oaMed  Vt»  MiaVkXM  -^^X.   It^ft  Vok\»  tA  ^.'^Xk*^. 
e  anfntlar  vel  m  the  tire ;  hecanse  both  move  ihrowRlh  th*  »»mv*  -uvCTdfefcT  tA  **V***J^ 

ttre  bu  a  gremter  actual  vel  than  the  hab,  IteoauM  \\  xftw?«ia  Vtawk^  %.  tp«N«t "««»» 
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Arl.  9.    The  qnantity. 


BVn,  !(ft;  01 


of  nnj*  nmllftn,  oF  IB.  _.,.. 

LLruu^ti  wlklub  tt  in  moved;  Ibiu,  H*! 
B«.J   oftfti   -- 

-.  .    nwt-paundg.    If  tba  btHJy  la  ri/M  Ibn     

1  Lhiro  1>  ibD  umrfe  of  1^  R-D»  MrfaruiMl.  Sh  ^U^ 
t  bBniiiBlci.rBlilll)r«o«lcoQfounaiiiBUioaui-  -■ —  -" 

illll.    Thi'iaentT'' 


Wa  nmlnd  tlie  sioilnnt 
UMina  uiJ  tUalu  couli 
Klilch  prwliiaii  il.  hui 

prodlwlae  mutl^u.  cuouul  at  ths  g.iiiHi  liine  bg  iloltig  'uiyiking 
Ttaeiinmntlty       ',         ". 

bj  mnll  die  »[  of  tlie  builjr  by  iQ  vel,  pr  ratt  of  molion ;  tbul 


,m  Sfc,  hour,  kc. 


Sis 


.■tct  li  IlieitiLE  Id  bnlh  CSW9.  tt  follow*  tbnt  n  My  nf  lODD  Bm  niiJiu  mnvlligil 

ufluinljanellone;  bulot^ff  wla.  '  "  ^ 

Art.  10.  Am  Impulse.  imiHiit.  blow,  itFako,  or  noIliBiDo,  Is  vbsD  Ibna,!* 
irtu  *B«i"l  In  moring  n  bndy,  imWwifjr  onconnten  oppMlng  forea  in  mdBM) 
>nlyi  uid  tliiu  iniUnlly  becomei  shiuigod,  cllber  whaDy  er  In  part,  fnmiHUiK 


tvlDTH  fl  pflr  BVO.  boh  hu  kDiDVlBiFrttDeDf  30Dn-ftl  p*rBnt'nd»  UMTmBDti 
bolr  wraii;  IbDLr  momtilLDiD^,  moAat  fanrn.  mr  tlBiP'MlrlUiia  etpmbOU'"  *-'* 

"IB  iODio  farofiil  BiperlmeDM  made  at  Porltmoalh  Jock-yurd,  Eiip:1aiid,i 
nsdlniD  fltnnelh^BndHlrlkfng  WItb  &  mank  welghtas  lA  Iba^tbo  huiillu  dTv-.^ 
U  Ini  Ionic.  bap>ly  «IaW«fB  bolt  Kboul  ^  of  inlncb  be  each  Mow;  Hnailnnid 

BiilBt  pr»  of  107  Ions  to  press  the  bolt  down  thsums  qnanlttT;  bntmmulli 
onil  weight  preiKd  It  completdy  boms." 
Art.  11.    WorklUK  tbree.     Wlien  the  forte  imnartod  to  ii  bodr,  not  Mtt 
moVM  [t.butd.x]e  h  In  anlte  of  nabnlogfun^eB;  or  In  otW  wordi,  wh«D  oneili . 
or  il  et«lM  .piiDel  «id  bnl«neM  the  nxlKtaiicei  ™u«l  t-.  IDKlf ;  ■n-hOn  Uu  «W 
pun  of  it  movei  the  body,  It  le  mied  wotldog  force.   I'bo  riawitlty  of  wnrkliia  ftHfe' 
cIlMiuMi  H  WfU  u  tbo  quHitlty  ot  work  thenby  aocomplUlx^li  HIUiaMiM 
malt  the  rwistance  oi-rcomo,  (whkb  frtoaenlly  mnsieU  of  «t ;ift«i.l bytto  j^ 
Ibniagh  wMcb  It  it  oiercome.    Ttani,  it  the  r^nvwe^w  i  (TicltDn  of  4  ■«,  «■*' 
cnmoaterBrr point  along adlit  oTRIti  ot  VHHwfc-rtirt  VSivWIjA^ImH ■-'■*■ 
than  Btcher  tbu  workini!  farce,  or  lliB  wort  ftone^  M,HO»»A«'*^'y-*     " 
the  imint  of  «■[« ;  kbA  tha  friction  m.cQ<ii««t«V  in  bim«\i  wmrt'iB '**' 
■rrntfiait,  ooQiitJtnEs  t ho  print lp«l  aoutoMot  "■^»?"'*.' "ij  ~  «C^ 
MntHj-ofi.nj'mwk  nia>  eTidSntly  be  c™"""**-'.??"^ ij 
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Vhnfl,  In  selecting  a  steam-engine,  it  is  important  to  know  how  much  it  can  do  p 
minate,  hour,  or  day.  "We  tlierefore  stipulate  tliat  it  sliuli  be  of  bo  many  lion 
powers;  which  means  nothing  more  than  it  sliall  be  capable  of  overcoming  resistii 
ioroed,  at  the  rate  of  so  many  times  SaooO  ft-&M  per  min. 

Working  foroe  is  often  cMeA power;  tbai,  horse,  steftin,  water  power,  fto.  Since  work,  in  a  ttric 
•eiMi({|le  aeuiie,  iuvolvc8  motion  and  strain  oombiued,  a  man  who  is  suiiding  still  id  doc  considtsred 
be  working,  aur  more  tban  a  post  or  a  rope  sustaining  a  heavy  load  ;  although  he  maj  be  support] 
•aToppresaiTO  onrden :  or  holding  a  ear-brake  wiih  all  .his  strength ;  fur  in  bi>th  cuscn  his  forot 
tirmm  oaij.  The  work  done  by  a  horao  drawing  a  bcaTy  load  on  a  level  road,  coui•i^ts  entirelr 
OTcroomlng  thefirfptUm  at  the  axles  and  rims  of  the  wheels :  but  in  drawing  it  vp  hill,  he  partly  % 
tbo  loadt  and  JkdMef^also.  In  the  first  ease  his  work  (soientiflcally)  is  not  bo  much  wt  of  load  mo^ 
a  eertain  dist ;  but  so  many  ponnds  of  rolling  and  axIe-fHction  oreroome  through  said  di^t.  Up  h 
bb  work  consists  of  friction,  overcome  through  one  dist;  namely,  the  length  of  the  hill;  and 
the  w(  of  the  load,  vehicle,  and  himself,  lifted  to  another  dist;  namely,  the  vert  height  of  the  hill, 
a  perVect  level  rtuul,  and  without  fdotion,  the  horse  would  enoonnter  no  resistance  in  bauHi-g 
1.  however  great  It  might  be.  He  would  have  nothing  to  do  but  impart  motion  to  unresist 
Thereforo,  in  such  a  ease  }iii  baoUng  would  not  be  work,  in  the  scientific  sense. 


The  ordinal^  unit  of  work,  or  standard  for  moasuring  it,  is  one  fi>  of 
1i{fUd  one  foot  high ;  or  one  0>  of  any  kind  of  resistance.,  overcome  in  uny  directi 
whatever,  for  the  dist  of  one  foot ;  and  is  called  eifoitt-pound.  Or,  when  more  con' 
nlent,  we  may  use  foot-tons,  Ac,  Ac;  as  we  nso  a  two-ft  rule,  a  yurdistick.  or  a  ta] 
line,  at  may  best  suit  our  purpose.  The  niiit  of  RATE  of  ivork,  or  the  qui 
tity  done  in  a  given  tiine^  is  onefl4b  per  sec. 

Ths  ammm  quantity  of  force  which  will  overcome  a  given  resistance  through  a  given  dist,  In  a  gt^ 
tlMSt  will  also  overcome  any  other  resistance  through  any  other  dist,  in  that  same  time,  provi< 
tbo  nsiatanoe  and  dist  when  mult  together  give  the  same  amount  as  in  thp  first  caxe.    Thnn. 
fans  Cbst  will  Uft  50  0>s  through  10  ft  in  a  sec,  will  lift  600  lbs,  1  ft;  or  23  lbs,  2U  ft;  or  5000 

^Ar  of  a  ft  in  a  sec ;  and  in  all  these  eases  the  amount  of  foroe  expended,  as  well  aa  of  work  done 

pnelMlj  tbo  lame.    In  practice,  the  adjustment  of  the  speed  to  suit  diff  amounts  of  resistance 
waaily  effected  by  the  medium  of  cog-wheels,  or  other  species  of  levers.    Ky  means  of  these. 
•ngfaie,  water- wheel,  horse,  or  other  motive  power,  may  be  made  to  overcome  small  resistances  rapid 
sr  nwit  ones  slowly,  by  the  same  working  force. 
For  more  on  working  force,  see  Art  17, 18, 19,  Ac. 

Art*  IS.  When  vcl  undergoes  no  .change,  it  is  said  to  bo  uniform ;  so  also  wi 
force,  motion,  strain,  and  work.  When  any  of  them  becomes  grndually  greater,  i1 
•Aid  to  be  aceelerated ;  when  gradually  less,  retarded.  If  the  accelerution,  or  retari 
tltm  is  in  exact  proportion  to  the  time;  that  is,  when  during  any  and  every  eqi 
intenral  of  time,  the  same  degree  of  cliange  takes  place,  it  \^  uniformly  acoelorat 
or  retu^d.  When  otherwise,  the  words  tariable,  and  variabli/  are  used.  Confusi 
•rises  from  the  frequent  use  by  even  the  best  writers,  of  the  words  "  constant,"  a 
**  oniform,"  instead  of  uniformly  accelerating  force. 

Altbongb  the  expressions  are  strictly  correct.  ittU  they  are  inexpedient ;  for  when  can* es  and  eflRf 
tri  BO  intimately  connected,  as  moving  force  and  motion,  it  is  desirable  that  the  same  adjecti 
■honld  bo  equally  applicable  to  both ;  and  we  should  not  in  the  same  sentence  read  of  constant 
laiftHiB  force,  producing  inconstant,  or  unnniform  motion. 

Ormvlty  ta  a  uniformly  accelerating  force  when  it  acts  upon  a  body  falling  freely ;  for  it  then  inorea 
tbo  vol  at  the  oniform  rate  of  .322  of  a  foot  during  every  hundredth  part  of  a  hoc  ;  or  82.2  ft  iu  every  i 
Alao  wben  it  aets  upon  a  body  moving  down  an  inclined  plane ;  although  in  this  case  the  incre 
Is  not  ao  rapid,  because  it  is  caused  by  only  a  part  of  the  gravity :  while  another  part  preHses 
body  to  the  plane;  and  a  third  part  overcomes  the  friction.  It  is  a  uniformlv  retarding  force,  u] 
a  body  thrown  vert  upward ;  for  no  matter  what  may  be  the  vel  of  the  bodj|  when  projected  upwii 
U  wUf  bo  diminished  .:<22  of  a  foot  in  each  hundredth  part  of  a  sec  during  its  rinc ;  or  32  2  ft  dur 
oaeh  entire  sec.  At  least,  such  would  be  the  case  were  it  not  for  the  varying  rvsiRtanoe  of  the 
Bt  dlff  vols.  It  is  a  uniformly  straining  foroe  when  it  causes  a  body  at  rest,  to  press  upon  anot 
kody ;  or  to  pull  u[ion  a  string  by  whieh  it  is  suspended.  The  foregoing  expressions,  like  thoM 
monontnm,  strain,  push.  pull.  lift,  work,  Ac,  do  not  indicate  diff  Jlnnds  of  force;  but  merely  diffkii 
*'  of  ii^sett  produoed  by  the  one  grand  principle,  force.    See  footnote,  p  455;  also  p  587. 

The  above  R2.2  ft  per  sec  is  called  the  acceleration  of  K'ravity ;  and 
scientific  writers  i«  conventionally  denoted  by  a  small  g ;  or,  more  correctly  .speakii 
■ince  the  acceleration  is  not  precisely  the  same  at  all  parts  of  the  enrth.  g  deno 
the  acceleration  per  sec,  whatever  it  may  be,  at  any  particular  place.  See  note 
Art  2&  p  446. 

Art.  13.    Roactlon.   Hf  rain.   Strain,  as  before  said,  in  Art  2,  is  eithei 

poll  or  a  pusli.   Tlie  term  may  be  applied  equally  to  the  act,  or  to  its  pfff"'ts ;  that 

It  may  be  said  to  bo  either  the  action  of  opposing  forces  agninst  each  oth^'r;  or  1 

effects  which  thaf  nctiou  produces  upon  the  partlcAea  oli  V\\ft  \»v>(\'3  \tv  ^\\VS\  ^Cvvv^ 

A  alagte  force  cannot  produce  strain  ;  for  since  iiot\\\^f^  \i\\t  ^ovt^s  cwcv  v>w.w«Ai^'t 

/III//,  orpuHh,  against  force,  there  muat  l»e  at  \eaat  t'wo,  \o  rWvA^V^  \^\\\\\\^^^«^ 

fng  agAlnf^^  each  other.     This  mutual  oppoaUion  ot  alxfiwUxv;  \%  ^:^W<V  ^^'^^^  "^; 

^»Ci  if.    "t?;    ^^  """  ^^"^  P>ac«  only  between  w\xxa\  \otv  e*,  ox  '^^^^^^^^^ 

tSS^iZ  J!.  'T."  ^''"  ''"'^«  "*  equHi;  and  meet  from  c^\e.TCvc.XTV.«J\>5  -VVJ 

ftSSiSjwI.^o""'  ?*?*  •t'»'«»»t  line,  bnt  \n  <^yoH\ie  A^^^^'^^^^^^^^ 

^^^^ V  '"*^  ration,  or  stntlu.    It  tti^^  >«^  xwxe^^^ 
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Art.  IS.    ir  Iwo  niotlvi.  _         __    ___ 

■telber.nol  In  the  ■mmeMmls'lttllBe.llit-r  will  deslrorm 
nnrtlBiiH  »r  eoeli  otiieri  and  (he  remnmlngr  imrUo — 
■t  In  AdIrMitfttn  Miiniiiilier«  belweon  Uie  ■     _ 

oD  (liQ  nther  hiind,  U  ■  EaDCl'ia  nbd  k  «trtin  eamo  t-ogp|h«r,  ill  K^m 
HI  not  Id  Lbo  leiut  dogree  Interfere  nltb  ucb  atfaer  In  anj  w«]r.*     ^ 


^^g^^^gg^^^^^^jS^S^a 
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•  of  two  ttrain* ;  let  the  body  B,  Fig  3,  weighing  1000  tons, 
t  Its  hor  baite ;  and  let «  force /,  of  say  oulj  one  ounce  press 
list  the  re!ii«ttug  obstacle  k.  Then  we  have  two  strains  or 
ting  la  the  body  :  the  one  of  1000  tons,  vert,  in  the  line  m  n ; 
onucie.  not  vert,  in  the  line  fo.  Kqual  paru  of  these  strains 
>UMr ;  and  the  remainders  strain  onitadly  in  ^  third  dirtto- 


^*Ji 


^ , |o    h 


3  of  one  strain  and  one  motion  :  let  the  1000-tou  body  B  be 

est  on  a  hor  baite  so  smooth  as  tn  be  absolutely  without  fric- 

Mve  the  obstacle  h.    Then  the  body  is  aflfected  by  only  the 

u ;  and  if  we  again  apply  the  on«-ouuoe  foroe^,  which  now 

le  to  press  or  atrain  agalnxt,  it  will  act  as  movtng  force,  and  will  move  the  body ;  which, 

dtated.  cannot  by  itself  resist  nioviag  foree.  In  practice,  the  force  of  friction  at  iht  base  of 

Id  r^ist  a  consideraole  amount  of  moving  fore^like/. 

stfain  of  thousands  of  tons  were  produced  by  the  jaws  of  a  vise,  in  a  body  weighing  an 

imenxie  strain  would  not  prevent,  nor  even  tend  in.  the  smallest  degree  to  prevent,  thk 

om  falling-down  from  the  jaws  of  the  vise.    It  is  prevented  by  the  third  force,  friction, 

I  theone  ouuoe  of  gravity  force  to  become  vert  strain.  Instead  of  motion.    The  two  forces 

of  tons  each,  which  produce  the  strain  of  the  vise,  are  thereby  entirelif  dtatmytd,  as 

action  upon  the  body  ox  a  whole.    Hence  then  could  not  prevent  the  one  ounce  from  pro* 

1  in  it;  nor  could  they  affect  it  as  a  whole  in  any  way  ;  fbr  all  their  antton  is  actaally 

other.    It  is  on  this  principle  alone  that  strains'do  not  interfere  with  motions. 

H,  Fig  4,  of  10  tons  weight,  is  sospended  from  a  k>ng  rope,  its  reaction 
equal  opposing;  f(»rce  at  the  other  end  of  the  rope,  produceH  a  continuous 
!>;  all  the  particles  which  compose  the  rope;  but  which  does  not  in  the 
the  rope  considered  as  a  whole ;  inasmuch  as  it  dues  not  tend  to  move  it 
;tion.    Now,  in  this  case,  there  is  no  friction  to 
e ;  and  we  know  from  daily  experience  that  it  is 
ksy  to  move  the  unreMisting  IxKty  a  little  dist,  by 
very  small  hor  force/.    "VTe  cannot  move  it  far, 
.nee,  to  nt,  because  we  then  have  not  onl^'  to  movt^ 
t,  or  overcome  its  gravity  foi-ce,  throtigb  the  vert 

In  doing  this,  it  is  true  our  force  does  not  have 
the  entire  wt  of  the  body ;  because  most  of  it  is 
f  the  rope.  Still,  if  we  move  it  at  all^  we  have  to 
rnie  of  its  weight ;  otherwise,  a  mere  breath  would 
hough  very  slowly.  If  we  attempt  to  move  it  by 
force  u,  we  shall  have  stilL  more  of  its  wt  to  re- 
I  if  by  a  downward  one  d,  we  shall  be  resisted  by 
e  force  of  the  rope.  Therefore,  in  this  cade,  we  can  move  it  more  readily 
force/. 

•  If  two  unequal  forces,  which  for  illustration  we  will  call  10  and  12, 
k1,  either  as  pulls  or  as  pushes,  in  precisely  opposite  directions,  to  a  rigid 
lich  no  other  force  is  acting,  then  the  small  force  10,  and  10  parts  of  the 
irill  destroy  each  other  as  strain  ;  after  which,  of  course,  they  can  produce 
any  kind ;  but  the  remaining  two  parts  of  the  large  one,  meeting  with 
;  force  to  react  against,  will  continue  onward  as  motion,  in  the  same  di- 
before;  taking  the  unresisting  body  along  with  them.  In  such  a  case,, 
tree  is  said  to  overcome  the  smtUl  one ;  and  such  an  expression  in  very  con- 
reference  to  the  entire  original  forces.  But  in  a  strictly  scientific  .sense, 
inuot  overcome  another. 

e  foregoing  case,  so  far  as  the  strain  is  conoemed,  thft large  force  must  be  considered  as 
3  10  straining,  and  2  moving  parts.  Neither  of  the  two  10  forces  which  strained  agaimit 
ercame,  or  gained  any  advantage  whatever  over  the  other;  for  the  two  reacted  equally 
',  and  mutually  arrested,  equilibrated,  and  destroyed  each  other.  And  this  is  plainly 
one  force  can  do  to  another.  The  2  force  of  the  large  body  took  no  part  whatever  in  the 
on  the  contrary,  moved  out  of  the  way  of  it.  As  it  had  lost  10  twelfths  of  its  previous 
,  it  now  moves  the  body  only  by  virtue  of  the  remaining  2  twelfths ;  and  consequently 
elfths  of  its  former  vel. 

equal- opposing  forces,  or  equal  portions  of  unequal  ones,  thus  bring  each  other  to  a 
'  eqtiilibrate  each  other,  they  are  called  Static;  Trom  the  Latin  VSto,  I  stand ; "  and  that 
!  science  of  force  which  treatt  only  of  oases  in  which  ail  the  applied  forces  keep  each 
is  called  "Statics,"  or  '* Equilibrium." 

'•  When  force  has  once  been  put  into  a  body,  it  can  only  be  taken  out 
le  reaction  of  some  opposing  force.  'J'he  same  identical  portion  of  any 
>t  produce  both  motion  and  strain  at  the  same  time.  When  continuous 
>lie(i,  as  in  mills,  Ac,  to  do  both,  (or,  in  other  words,  to  work,)  it  must  be 
to  divide  itself  into  two  parts  for  those  separate  purposes.  If,  while  at 
*eflistances  to  be  overcome  become  less,  the  strain  also  l»ecomes  less,  and 
becomes  greater;  and  vice  versa.  Motion  is  diminished  by  converting - 
nto  strain ;  and  strain,  by  converting  it  IntQ  moitVoxi. 

io(/oa  or  moriag  foree  in  a  oanaon*ba\\  U  tr«Atta.\\3  tttw^wXfc^  V«Aft  %"w^:^>>s?  '^JfS^ 
^Bttag  foree  of  the  anooessive  strata  of  alt  t.\kTO«Ktk  ^^\oYk  W  v*****-  ^^?^  ^£^!^^ 
./bwe.  bj  thie  proeen,  and  thus  pimnU  \i  U»  w^U  !t^«  m««Vtt%  ^«*«t^^r^3S^^ 
I  after  etemm  &  atxut  off,  U  gradually  deaXroyvd  \»l  iioT>riai%  a*».V»»!^  «a  TWfsw 


Art.  19.  The  ftall  sitMiniil  «T  a  vlven  Ibrce  ennnnt  be  ll 
parlHl.  or  pnt  lata  ■  r«BlallBg  IhhIt  B,  PIk  e,  rxrCBt  w*~ 
apitlleit  Id  nillrpctlon  at  rlKht  Hntclea  to  ttteourf  of  Clm  k 
at  Ike  point  of  applleaftlon.  It  fi  bo  appll^id  In  a  ■lir^ction  4t  itU  m 
ta  UiB  ibtC  Ihmi  im\y  h  portloo  of  II  will  be  jinp»rt«d  10,  or  will  uulor,  (ba  li -^ 
prDdnce  Hnj  tfWw:t  tm  IL  The  n<pi4lnddt  wHI  nontliiqa  (c  prndoco  matEon 
otlierbody  In  wLlch  tbo  ippll^liirce  wuntrrlcd  to  the  }wAy  B;  □pl»if  la 

di«  formi  Hf  aii<t  ne,  being  At  rlaht  uiglbd  'o  IhaaurT  at  Ibepoiuta  of  uiA 

0  lad  I,  nlll  bU  sntsr  B,  i/'U<  rei>><B<icc '{/' B  ii  cii  irmil  nr  rriwln- Mm  U^; 

thflj  vlll  moTfa  B.    Bqt  (hn  fbrrw  Fjj  li 

X  t  "'>"  "-  "iTi-lon!,  onlj  ■  ponlon  of  It  w. 

—  ■-   igfurmlur  ImpiMoil  loth«1«dj  ^ta 


[  --- 
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iha:  tee  Art  60.  As  It  slides,  it  is  evident  that  the  pressure  part  of  the  force  also 
>v««  along  with  it ;  and  is  thus  imparted  at  evei7  poipt  of  the  plaue  along  the  dist 
d  over.  Tlie  case  is  identically  the  same  with  the  pres  force  vg\n  Fig  6 ;  this  will 
de  Uff  the  plane  from  g  towani  t ;  being  carried  along  by  the  sliding  force  tg.  But 
th  in  the  case  of  vg^  and  of  the  body  on  an  inclin^  plane,  we  may  imagine  this 
ding  to  be  inwented  by  driving  a  spike  into  the  surf  g  t^  or  into  the  surf  of  the 
ane,  Juet  in  (ront  of  the  sliding  hody.  This  will  arrest  its  motion  by  converting  it 
to  acrain  against  the  spike.  When  this  tukes  place,  the  entire  foi-ce,  F  p,  becomes 
tmferred  to  the  body  B ;  in  the  direction  Vg.  And  in  the  case  of  an  inclined  pliine, 
e  entire  wt  of  a  body  placed  upon  it,  will  press  It  in  a  vrrt  direction:  as  alwflvs 
ke«  place  when  ftiction  prevents  the  body  from  sliding  down.  It  would  always  be 
'Ceaaary  to  devise  some  means  for  preventing  sliding  on  an  inclined  plane,  in  case 
rfiuses  were  per/rcUy  smooth,  and  entirely  devoid  of  friction ;  but  that  portion  of 
e  Tery  pres  itself  which  is  at  right  angles  to  the  surf,  always  in  practice  creates 
ore  or  less  friction  between  the  pressing  body,  and  the  surf  of  the  piano ;  and  this 
ictioQ  alone  is  frequently  sufficient  to  react  against  the  sliding  portion  of  the  ap- 
ied  force,  and  thus  keep  the  body  at  rest.  Mortar  is  sometimes  used  for  the  came 
irpose  in  masonry ;  but  we  should  be  very  cautious  in  depending  upon  it,  if  it  leads 
a  neglect  of  the  proper  positions  of  the  Joints. 

This  remark  Is  particularly  applioable  to  the  ease  of  the  manonry 

Iota  In  tha  abut*  of  stone  arches ;  espMalty  thoM  of  large  span,  with 

laJl  rise.  'The  pres  which  such  an  arch  exerts  upon  its  abuts  is  rerjr 

mt%  and  its  line  of  direction  is  curved,  as  shown  bj  the  dotted  line 

I  m.  Pig  7.    It  therefore  becomes  necessary  first  to  And  the  position 

this  line,  (see  Art  72.)  so  as  to  know  how  to  draw  the  varying  ineli- 

Ckm*  of  the  Joints  nearly  at  right  angles  to  it ;  otherwiKc,  the  upper 

sraaa,  if  bor,  may  slide  outward  upon  the  lower  ones,  as  shown  by 

s  arrow.    In  small  arches  of  considerable  rise,  the  sliding  portion 

this  foroe  may  be  safely  resisted  by  good  mortar  or  cement,  if  suffix 

at  tlm«  be  first  allowed  for  It  to  harden  properly ;  but  in  large  ones, 

I  direodon  of  the  joints  must  be  relied  on,  unless  we  increase  the 

paaae  by  making  the  abuts  unduly  thick.  The  sliding,  or  ^or  pres.  of 

sllar  arolies  of  diff  sises,  varv  as  the  squares  of  the  span ;  while  the  resistance  of  the  mortar  rartea 

^  aa  the  thickness  of  the  abut.    Hence,  if  one  arch  has  4  times  the  span  of  another,  it  will  exert 

ttmea  as  much  sliding  pres ;  while  the  resistance  of  the  mortar  to  this  sliding  will  be  less  than 

m  4  times  that  of  the  small  one ;  because  the  thickness  of  the  abnt  does  not  increase  quite  as 

^dly  as  the  span.    Bee  Stone  Bridges ;  also  Art  34. 

Fig  8  is  added  merely  to  illustrate  more 

ikingly  the  necessity  for  clearly  distin- 

liflhing  between  applied,  and  imparted 

rces.   Here  the  great  force  a  o  is  applied 

the  liody  B  B  at  the  point  o ;  hut  all  of 

that  is  imparted  to,  or  put  into,  or  en- 

ra  the  body ;  or  produces  any  kind  of 

ect  npon  it,  is  'the  very  small  amount  represented  by  c  o,  at  right  angles  to  the 

rf  of  B  B  at  o. 

All  this  will  Ite  bettor  understood  after  studying  Composition  and  Resolution  of 

•rces,  Art  28,  Ac. 

Art.  20.  It  rarely  happens  in  practice  that  we  impart  very  great  force,  or  vel, 
a  heavy  iKtdy  instantaneously ;  or  by  a  single  effort.  In  the  machinery  of  mills,  in 
ilroad  trains,  in  steamships.  Ac,  it  is  done  very  gradually ;  and  iiideeii,  few  Mater, 
steam  powers  possess  sufficient  force  to  do  it  otherwise.  The  principle  explained 
the  following  example,  applies  to  the  others.  Thus,  no  locomotive,  or  marine  en- 
ne,  has  sufficient  power  to  start  a  heavy  train,  or  a  steamship,  at  once  at  a  rapid 
eed.  The  first  stroke  of  the  piston  imparts,  or  puts  into  the  train,  a  quantity  of 
pce  sufficient  not  only  to  n'act  or  strain  against,  balance,  or  destroy  (and  be  de- 
royed  by)  all  the  resisting  forces  of  friction,  the  air,  grade,  curvature,  Ac,  which 
eeent  themselves  along  the  short  portion  of  the  road  passed  over  during  the  first 
poke;  but  a  small  excess  besides,  which,  being  unresisted,  is  not  destroyed ;  but 
ntinues  in  the  train,  as  motion  ;  giving  a  slow  movement  to  the  unresisting  matter 
which  it  is  composed.  This  last  portion  would  remain  in  the  train,  and  move  it 
the  same  very  slow  vel  forever,  if  only  we  could  remove  all  resisting  forces  from 
fore  It  The  next  stroke  in  the  same  manner  fhrnishos  a  new  instalment  of  force ; 
I»Icl^  like  the  first,  divides  itself  into  two  parts ;  one  of  them  as  strain  to  destroy, 
id  be  destroyed  by  the  new  resistances  met  with  In  the  next  short  dist  along  tlie 
»ck;  and  the  other  as  motion,  to  remain  stored  up  in  the  train,  united  with  the 
Dtion  put  there  by  the  first  stroke :  thereby  imparting  increased  vel  to  the  unre- 
iting  matter  of  the  train;  and  this  process  is  reve*t«d4\VT\TvsE,«b^v«»*.\vQM\Vi«t«jkt 
•okee:  the  tr&tn  moving  faster  and  faster.  But.  aSlct  «.^\v'\\<&\\NA^wvTv^>Cx«X^'Si 
iter  bow  powerful  the  eogine  may  be,  or  Yio^  \V^\.VU  Vra2ax,,VtoA«^'ife^^^^ss^^JSi' 
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not  sqiul  to,]  tlu  Tt  of  tha  bodr,  malt  bj-  tlie  mqnare  of  Ita  nl  it  tlia  momsnt  it 

ccDiniilatid  or  •tond-up  moving  (area  of  10  isllei  an  hour;  und  ir  th'ul  f.irca  will 

JttHir  work  the  train  uainat  ths  nslslancu  af  the  rood  for  *  dial  of  one-qiuiter 
■  nlle,  before  Eomlng  lo  ■  Hop ;  Ihcn,  If  itcam  l>  abut  off  while  the  train  i* 
wring  1112,3,  or  4  times  tliBl  vet.  ajidcunaaquenllrHlIb  ll,3,ar4  tliu«a  the  muring 
MBS,  tt  will  wort  Ihruugh  4, 9,  or  IS  timea  the  dlit  of  the  flnt  «m.  befoi-e  comlnj 

,t]ie;rwl]l  napMlliel)' pcnelroeo  a  plank  lodopllnMl,  4,8.    If  »n  pnclnf,  milor- 

ORU  onii  S,  a;  or*  Umea  aa  much  uniform  work  per  mlD,  u  whon  at  Hue  In.  per 
olB.    But  if  itiHin  ur  the  wnter  be  iuMenljr  thai  off  at  a,  3,  or  4  re.a  per  min,  (Iiea 

boijf  it  be  xtw-tad  at  a  vel  3,  4,  ^  tlmea  aa  great,  it  will  ovcicome  u«l°knoclt 
bun  down  fOr  Oiiti  of  9,  IB,  and  £»  tlmei  4  ft. 
w, — ^m^, .»-._,._.,.-j— -^.j.-"- —  '-  -'■-'T-'ii'-r ■-— p alcpna. 

•a  pee,  ia  ilrwdr  aa  ibt  rata.    Tiui.  tha  itaoaotirb  wIobb  rttrnm  la  kbai  off  ai  »,  K.  w  40  mbH 
a  boar,  vin  miDLra  bM  J.  8.  op  <  Mnea  aa  naoj^aMMfli  (nr  tnnnlDi  iu  4.  V,  «t  Z0  dlst  bcfert  It 

Art.  24.    TIb  Tint,  or  llvInK  fitrce.     The  precedlntc  arlldc  Mrrea  •■  u 

mil  1)11  The  Icrrn  iteelf  i«  luerel;  one  of  thoae  abaurdillca  to  wliicli  KLvmnta  re- 
Mt,  Id  order  to  ioipiirt  an  air  oC  mjetery  to  their  writlnj^.  We  uiglit  with  ttag  ' 
■&■  proprieCy  ^>cak  of  a  brickbat  tIvbi,  or  a  llrlng  Lod  of  mortar- 
Va  lian  aaaa  la  Art  9,  t^fttif  t^tponlonof  fbrn  loabodjr  vtlofa  li  OHapM  Id  gtrlor  motlffl 
mtKmval^ttwtlfttT^r^Arain9T™iauaistt,\tB(oi9  bniBB  taLlKEjrdflitrojad,  oroDiD^fjr  k»roiL 
HBld  M  u  tfapanJoa  lb  Ida  *ffw«  of  lia  Tp]  Ki  Lba  Uma  or  bpglBDjbd  tai  *<ork,  \Da'.  tf  "  v^t  vLt^"^ 
«AiaaarMlDrt-B*»bjiaulilhBnBliiatD»ilD  1t«.  bj  UiadLiiLD  ftUmaibwUoh  tbBjwtn  oror- 
^a.)  Iba  aiprataUoa.  alibeugb  ilIL.*.  would  aiLIL  aebvtj  an  iila  rcadkjj  dad<t>Hiod  ir  praohnid 
1^    V*  BoaldlbeDaY''^''°"^''°*'  at  aDumlbibridir,  tbftb  iuvLivLvawu  tOdfiwL-Va;  aieoo' 

Art.  B5.    Tk*  actnal  t«tftl  maatint  of  w«rlt,  !■  n-Ibii,  thai  cu 

<n»,la  I&und  brJiTtlie  equnre  of  tlie  le^  of  tlie  body  in  ft  piTBiiu,  by  U4,4;  siiS 
nan  mult  tha  qnut  bj  the  wt  of  the  body  in  pauiidi;  or,  in  ahapa  of  a  formula, 
ITni/nnnlg  rrtlirdrd  _  w(  ^f  '*<  wiwKnjf  ^  17  l/iti  rrl  in  ft  p-r  •n 

An  {aiiwf nary  force  eqaal  to  double  this,  urili  be  thevIiTlia,  or  llTing  farce  of  Uw 

Pii  vim  -  v>righti>flady  ^  ig"/ ittr-l Sn ft  jurac* 
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nar-:-  »■  ■»■«  «uJh-Mir  Twnir«-  jr  pvvrr"«ae  the fHctk 
— "^    ^■»fc.T  =.  "iifc.*..  kpfciiBi:  ,;.  uii  tbuf  dt^truy  it; 
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parity  aeli  M 

naunaallr  dntrajrai  I 

h  maiDUia  a  eoestaac  t 

Ii  is  plala  that  Um  roUlac  I 

■lla  of  road,  art  dm  i 

:v  the  mmt  ia  amoaat.    So  \ 

a»  ihat  or  tbe  next  lutMt: 

«   lar  |a«MK  vaald  *r»u«ij  at  laut  a  ptni&m  tt 

:r  »  •  ■«?  *-i»^  .^r-Vtfi  ripiL  »xit  force  imparted  to  It 
«*.;i--  ..^cwx:  --flfc'!  ■»*  xbfo-  eo-l.  mi  uiMter  how  long  it  mij 
>t .  ■-  '-.-  v.  fc.i«-  -. ■."  •  ■  <*-'5  .-.•L'S  :c(tak  it,  BO  matter  how  thin  it  mig 
.V.  .-  •.  ■»  ».■■!  -.-f— .'  •  ~i«i  a^i  kr«.>p  ibeir  inherent  tennile or  oompre 
v.*  •■-"t  A -i-v  •  -  .' TV.  ^  a£ ^  fXTrka^wnf  f  lire  applied  in  exrewt.  Tnei 
»  %.!  : .  ■■■i.i*.  1  :  »  .:-^*=  Uk  %:■.:  -f  f.p.'«e  thmn^  a  body  which  wwrii 
cr  .ao.  .V  .  »iM^:  . vi-r  .i»  ».:.  'n.  ««  iau:ft  hike  fi'mc, and  transmit il 
I'l  ^v  *.  It  .v«^..-f^  .  i«.>  .>f  a  I  :^  :rtiB  of  cnn.  woold  snap  instantly  i 
•■jdl-..frj;  w  ;.i-'.*a  ■*."*  :*?:.•  :h*  train,  af  r-w^ '.<fbrC,  a  moTine  f«irre  of 
hi^ir:  .f  «a  *o^'.3"?  •?  ♦  w^  ivwTr  r\i#t-d  In  practice  we  are  therrforf*  c 
tr«u«:uii  ih«  i'fKK  '^.'at  tb:*  ^=.:.ne  to  the  train  in  instalments  so  smrUI  a 
v«^-i  ih-.*  ivn«i:v  i"TW  •€  th-*  liiiki.  Kapid  !«|>eeda  are  produced  by  tlM 
a\cuiuutat«d  in  ihif  train  by  Jegrwrs.    See  Art  'JO. 

Thv  >t4%  vf  abarU  which  irmauili  fonw  from  the  motlre  power,  to  th 
ohluci  r.  4r«  r<#.4u«utlT  bruhva  if  lb*  piwer  la  «i>plied  too  suddenly :  that  Is.  Mo  i 
If  a  piaiol  »>all  >■•  tbrvwB  with  very  little  vrl.  apiia^t  a  pane  of  glass,  lu  tone  wfl!  hai 
ru«o  liMir  itv.T  tbe  whwle  panek  and  «UI  probablj  craek  and  shatter  It  la  swry  dinei 
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[[  pluinly  !■  nol  lirfkcu  hy  Uie  wl.  bnt  W-flfi 

'  A«  veL  or  fonq  wn  dniiv,  by  HljnjiJy  nitliiK  the  tiring  Hlnwjy  at  Ant,  ■adatuw 
i  aibre  npMIy  by  dugreefl ;  Lhiia  pdRing  tin  fbrre  Inlo  Iha  body  (ET^uuly,  in 

l^tbU  ■«  HtHilly  fwl  Ita  nilstanra;  mod  lh>[  It  tB  made  ■ppannt  by  inning 


^t  frtm,  Uii  mnu 

mtp^M  viffiinffJe  jchatevrrt  then  the  bL.-,.  .,  . , — j  ^^  ~^,r.  „, „, 

MM-ormmplBtely  ronrt  MiiTnvt  pncb  otti»-r ;  IbH  body  iduhi  mifre.    ^util  a^ti 

kt  «f  the  body:  vbiLe  the  nnnanlng  portlnna  will  nnlle  to  couititole  ■  diitla 
fi>("s,vhlcbwmniove  thnKAiil'hirivlDii  direclion  n  d,  in  tha  Un>  t  d  uKun&Kk'^ 
HRlioh  dlmttlon  o  d  itill  slviti'i  be  iwDHwhen  briuun  Uuuw  \ii«\\\c\t  &«  wit|Kn« 
li»  itaCJif  *«  'P  MOVld  It. 
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Iha  fltf  serf,  rigi  ».  Ii  «1IM  ibe  panllelorni^  of  tarce*.  Tlu  En 
OlUiBIll  Kimia  e a,  E 1,  nraonlled  Ibe  auninitmUol  tea  furiHra;  wblcb  rauttf  Ina 
thSrjiiint  net  lull ;  null  Iba  Ciirca  roll  mlled  the  nmyianf  of  the  origlDil  ancawU* 
auijMMlt.    Tk*  prlnoipl*  cit  the  psnUxlognni  oC  fuicsi.  tfau  which  Ibwxk  — 

Iruiy  tva  finua,  QiuUl  nntlcHLS.  >>[  both  iminn.)  wbuK  ilirectlaiu  eilher  cuoto* 
tow«nl,  vr illvtroe  nt>iii,  lliv  luina  point,  |4  rapruemal  bi^tb  En  qiwntltj  kuiJLh* 
ncLlou  liy  tvii  ii4iw:ea[  eidrB  of  m  panllelittmcti  i  Ibou  will  Lhelf  miulUiit  bf  ''"' 
larly  rcpro^Butwi  by  the  dUg  uf  tlie  porAlleiojETi*'^- 


v<' 


*•  rhni  lie  r-'BcliM  Ji  ImteHil  nf  ft.  Henw  It  !■  (uicuwl  Ihiil  no  p»rt  ut  tha  ft.me  «fc, 
irAA^  A<f  ImpmKmd  unou  llliiii*lf,  bM  l>'«i  l"«t.  '""mhw  It  hM  carried  him  u  hr 
JK-BUH  Wic  fca  aa  tf  the  Ic8  hwl  Iwen  ut  n-«t.  An.\  rtao  i\u.t  w  v*n  "f  tha  fa™  a  c, 
''"'™~^Hj™iWmlo-tliei(wJiMVwcnl«l,l"H*o«l^\™\"'^^>i''?i4«-n«'™ 
/r  ireiirltmll>.  Uetio;  no  fore-  whilMat Iim\>«hV>»^-.  »  ■.!;rVEX"it2L 
ttiita.»Mn»n>.  >1..  (..inlnrlUmDt  an>'Iahi,naac.   YvnmliiVj^^toj 
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ch  reacted  agftlnst,  balanced,  or  destroyed  each  other  in  tfu  man ;  aud  tliat  con- 
tently  he,  couaidered  as  a  whole,  was  moved  from  a  to  n  by  only  their  remaining 
AooB  ao  and  at;  which  together  are  equal  to  or  compose  the  result^mt  an. 
in,  under  the  head  *'  Independence  of  the  simnltaueous  action  of  many  forces 
n  the  same  point,"  (a  principle  which  appears  to  us  to  have  no  real  foundation,) 
I  of  such  cases,  **  it  follows  quite  naturally  that  the  forces  which  produce  these 
ions,  exert  actions  independent  of  each  other."  In  our  opinion,  so  far  from  act- 
imdrpendtnUif  q/l  they  actually  iu  great  part  dtstrojf  each  other.  See  Art  16. 
),.aTBAiH,  in  Art  S^  p  444. 

veonoeiTe  that  eaeb  of  the  orlgiDal  forces  endeaTon  aa  It  were  to  compel  the  other  to  leare  Its 
eoarae,  and  follow  that  of  ita  autagoolst ;  aud  the  atraggle  contiuuea  antil  tbej  have  tuceeeded 
irolnff  each  other  into  Me  Mome  direction.  This  ia  of  coarse  effected  bj  tlieir  reactions  agMiimt 
other;  and,  as  occurs  In  aU  oases  of  reaction,  they  expend  eqoal  parts  of  their  forces  on  encb 
r.  When  the  two  forces  act  in  diametrically  opposite  directions,  wnire  there  is  no  nentral  disg 
ttion  that  can  be  adopted,  there  is  no  alternative  bat  for  the  larger  force  to  react  against  or  de- 
r  the  smaller  one  entirely  ;  thereby  losing  an  equal  amount  of  its  own  force.  Its  remains  totter 
Ipfwly  In  their  former  anchanged  direction.  The  writer  can  see  no  difference  of  principle  between 
evaoaen  of  opposite  forees;  that  of  oblique  ones ;  and  that  of  those  at  right  angles  to  each  other. 

AM.  6.    When  the  direction  a  h.  Fig  9^,  of  one  of  the  forces,  forms  an  angle  ban, 

ater  than  90°,  with  the  diagonal,  the  shape  of  the  paraHelograni  of  t'orces  becomes 

h  that  the  two  equal  lines^o  and  ct,  cannot  be  dr^n  at  right  anglef*  to  thediag 

itself;  or  within  the  parallelogram ;  in  which  case  .the  diag  must  be  extended 

ti  way,  as  to  o  and  i;  and  the  lines  6o,  ei,  must  be  drawn  at  right  angles  to  the 

snsions. 

hen  this  ooonrs,  the  component  fcn'ces  ao,  ai,  cannot  as  in  Fig 

M  measured  on  the  diag  a  u  of  the  parallelogi^n ;  because  they 

be  greater  than  it ;  but  must.  like  bo,  ei,  be  measared  outside 

M  flf .    And  bare  It  must  be  retnembered  that  a  o  and  ai  no 

ar  Bwamire  fmroes  aetiny  (like  those  in  Fig9M)  in  Mc  aamt  dt- 

tea.    Tbna  the  strain  along-  a  b  may  be  eonsldered  (see  Comp 

Baa  of  Forees.  Art  81)  to  be  made  up  of  two  forces  imparted 

;  namely,  a  hor  force  equal  to  o  &,  aud  a  vert  ope  6qual  to  a  o. 

ig  upward.    And  the  strain  along  a  e.  as  made  up  of  one  hor 

)  aqnal  to  <  e,  and  a  vert  one  a  i,  (greater  than  the  whole  diag,) 

ig  downmardr  both  of  them  imparted' at  a.    Hence,  the  re* 

iBt  en  we  Qua  Is  eqaal  to  the  diff  between  the  two  vert  oompo- 

aao  and  a  i.    Thus  It  is  seen  that  this  shape  of  the  parallelo- 

a  In  DO  waj  affsota  the  principle  laid  down  In  Remark  8.*    Fig 

naj  illnstrate  a  man  walking  from  a  to  6,  while  the  ioe  floata 

1  •  to  e.    He  will  land  at  n. 

irt*  29.    According  to  Art  18,  the  force  to  e.  Fig  10,  may  be  considered  as  im- 
bed to  the  rigid  body  B  at  any  point  whatever  in  its  line  of  direction  wc,  altio, 

force  »f,  at  any  point  in  its  direction  xd;  conse- 
Qtly,  bdth  of  them  may  be  considered  as  imparted  at 
same  point  a;  inasmu^  as  it  is  situated  in  both  these 
a.  Hence,  it  is  immaterial,  so  £&r  as  regards  the  effect 
hose  two  converging  forces  tipon  the  body  considered 
me  entire  rigid  mass,  whether  they  are  actually  ini- 
ted  like  to  and  y  o;at  the  same  point  o ;  or  like  w  e.  and 
at  diff  points  t'  and  e.  For  in  either  case  their  result- 
,  or  Joint  effect  upon  the  body  as  a  whole,  is  precisely 

game ;  namely,  a  tendency  to  move  the  body  in  the 
le  line  of  direction  oat.  This  tendency  will  actually 
dnce  motion  if  no  opposing  force  prevents ;  otherwise 
ill  prodtice  strain  in  the  body. 

MM,  1.    Hence  the  resultant  R,  of  two  converging  forces  F/,  Fig  10^4;  or  of  two 
nrglng  ones  F/,  Fig  10^^  acting  in  the  same  plane,  but  imparted  at  di£f  points 


•¥7- 


5SS5!55RSR^!?!SH^ 


RglOi- 


^\^>«^\ 


» mo  boot  M  mwftavtea,  or  Datoral  phOoaopliv,  bava  wa  wvt  awa  naa  a^MAVnk  v»  >^*  «sowVi«>«« 
t,  la  cmamUkm  Wig  UH,    See  Ban  &,  Art  M. 
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of  jiFl^d  liiAy  W.  uny  be  FuUDdita  n.'u]Lly  (u  wLau  iiDpArrwl  »t  ths  Hun«1Kdnt;'i 
111  o.  Was  H,ur  I'll!  lu. 

tn  Art.  80.    BInM  ths  eBect  pmdnced  upon  k  rijlil  bodrl 

■IdeKd  »  ■  wbsle)  by  ths  mataot  (ai^  VIk  1 1 )  uf  uiy  lira  R 
(i  0,  dc)  teBdlnK  to  ar  thJDi'  ttie'umii  point,  hi  cl»  wn**  u  Ili*j 
eireot  ot  Ulou  Wo  ftinm  Ihamialiea,  It  faLluwi  that  if  ve  cf 
^  £  ud  dUmetrlmllT  npiiailM  ta  II,  tbu  this  Ihird  fam  irilli 

>r^  ^v  pleUlyreacC  iigilliiil,liBUnce,(irdE«royiuld  two  foniH;«n 

J,/^  X^    llieir  ninuni.     Il  U  f™i|ilontlj  nocoMsry  lo  moBidcr  Biloli  »l 

^  /        tuna.Csc.ls'imiliuidi.ppMlts  tn«re»oltiuil(H«):  niiil-lHa 

\  /  »  wo  du  not  know  that  any  ipecifla  luune  luu  bMn  npiitiod ' 

5  althoHith  oiw  ii  UMded.  wu  luggeat  to  call  It  an  ui^Ci-roHtCaM 

_"  ,,  rsBuLlint  loc)  may  be  deflntd  to  be  a  j.lii|ili>  /oroB  wbieh  ■»' 

Fit)  11         du"  uiKin  a  l>."ty  c»n.id.r«l  as  a  whota,  lht>  noia  mmlt  II 


I    J-  Em.     HllH>.ltlHl»TI»a  kncLH  tht  mnit] 

jj^  al.ic,  1'lslIU,i>bHaivnniii>li>iiJllr<Klli«lkMS.< 


FOBCB  IS  BIGID  BODIES. 


461 


It  follows  from,  the  foregoing  articles,  that  a  single  force  cannot  be 
K^Ted  into  {100  components,  one  of  which  bball  bo  in  the  same  direction  as  that 
tie  itself;  for  if  a  line  representing  tiiat  force  be  taken  as  a  diag,  it  is  self-evident 
It  no  parallelognm  can  be  drawn  upon  it  which  shall  have  any  of  its  sides  par- 
el  to  said  diag. 

I  •  rope,  wamh,  Tim  15,  mutalulng  a  wt  w,  so  long  •■  It  remalna  perfeotly  vert,  tbat  b.  pre. 


tiij  In  the  diraotian  of  the  foroe  of  gravltT  of  tho  wt,  will  receive  no  auiatanee  in  npbolding  the 
Jt^  kariaf  added  to  it  a  single  rope  h  oh,  wrbg;  or  one  extending  tram  the  wt  itself  in  anj  in> 
Wl  dlraeuon.  In  other  words,  a  perfBOtly  vert  rope  cannot  sustain  one  part  of  a  load,  end  ope  in- 
lad  nqw  aiMther  part.    All  this,  indeed,  is  a  result  of  the  fact  sUted  In  Art  15;  that  mut  force. 


great,  (as  the  vert  forae  of  an  Immettse  suspended  wright  w.  Fig  15.)  will  be  turned  oet  of 
dlisedea  bj  any  other  fofoe,  however  snail,  (as  a  slight  pull  ftom  a  rope  00,  or  fty,)  unless  there 
■one  third  fbroe  to  prevent  it.  In  the  present  instance,  this  third  foroe  might  be  a  third  rope ; 
Um  Tvp9  a  b  will  be  relieved,  and  still  remain  vert,  if  we  emploj  ttoo  oblique  ones  to  assiPt  it.  pro. 
M  Ch«y  fr«  txaeOft  9jppoaif  sacA  otiter;  or,  la'other  words,  that  all  three  ropes,  or  forces,  be  in 
•  1  " 


lo  alio  io  the  case  of  a  vert  post  snstainlDg  a  load ;  the  pres  tram  the  load  cannot  para  vert  through 
I  axis  of  the  poet,  if  the  load  at  the  same  time  is  partlj  sustained  by  a  ningle  oblique  brace  pressing 
lAietthe  post.  Indeed,  such  a  brace,  by  turning  away  the  direction  of  the  strain  from  the  axis 
the  poet,  may  yerj  materially  diminish  the  power  of  the  latter  to  sustain  the  load ;  for  it  will  he 
Bd  vader  Strength  of  Materials,  that  if  the  strain  along  a  post  or  column  does  not  pass  directly 
vogh  its  axis,  the  column  may  in  some  cases  lose  two-thirds  of  its  strength.  The  principle  of 
mo  vpfMea  to  force  in  any  other  direction,  as  well  as  vert. 

h.  rssnltant  may  be  greater  or  less  than  either  one  of  its  two  oblique  components; 
t  It  can  never  be  greater,  or  eyen  qnite  eqnal,  to  both  of  them :  on  the  plain  prin- 
ce that  any  two  sides  of  a  triangle  are  greater  than  the  third  side.  If  the  com- 
nents  are  eqnal,  and  inclined  to  each  other  at  an  angle  of  12u°,  the  resultant  will 
equal  to  one  of  them ;  therefore,  the  same  weight  that  would  break  a  single  vert 
pe,  or  post,  would  break  two  ropes  each  of  the  same  strength  as  the  single  one.  or 
x>  posts,  inclined  120°  to  each  other.  If  the  angle  oab^  or  yah^  which  either  of 
e  forces  form  with  the  diag  a  h,  exceeds  90°,  see  Rems  6,  of  Arts  28  and  34. 

Art.  S3.  The  principle  of  the  parallelogram  of  forces  is  of  constant  applica* 
m  in  constructions  of  every  kind;  for  instance,  bridges,  centers,  roofs,  retaining- 
ills,  Ac.  Figs  13, 14, 15, 10,  show  a  few  of  the  most  simple  cases  of  force  (the  load 
I  an>lled  to  produce  strain ;  by  reacting  against  opposing  forces  ya^oa^  presented 
r  the  walls.  In  all  these,  the  load  u>,  applied  at  a,  is  a  single  force  of  gravity ;  and 
•nseqanntly  acts  in  a  vert  direction  downward.  It  is  to  l>e  resolved  into  two  com- 
ment forces  in  the  direction  am^an,  in  order  that  we  may  find  the  strains  whicii 
produces  (according  to  the  ordinary  phraseology)  along  the  pieces  am^atiy  so  that 
e  may  proportion  their  dimensions  to  resist  those  strains ;  which  strains  nre  iii 
ct  produced  by  the  reactions  of  the  thrte.  forces,  of  the  load,  and  tlie  two  walls.  To 
>  this,  in  all  the  figs,  from  a  draw  a  vert  line  a  h,  to  represent  the  directifm  of  grav, 
•  of  the  force  in  the  load  to.  On  this  line,  lay  off  by  any  convenient  scale,  the  dist 
b  to  represent  the  amount  in  !bs,  tons,  Ac,  of  the  load  w.  AImo,  from  a  draw  the  two 
OSS  am,  ar?,  in  the  directions  of  the  reqd  component  forces.  Then  complete  the 
itallelc^ram  of  fnrees,  by  drawing  lines  bo,  by,  from  6,  respectively  parallel  to 
m,  a  n.  Then  will  a  o,  measd  by  the  same  scale  as  a  b,  give  the  amount  of  strain, 
hether  push  or  pull,  which  the  load  w  produces  along  the  piece  a  m ;  and  in  like 
anner  will  ay  give  the  amount  which  it  producoR  a\onf;  l\v(^.\\^.c»  ai\. 

tatwmt  be  oipeeMIr  bane  fo  mind,  that  we  here  spfiak  onAy  ot  \.\\e  axsvowiiVik  ».Ti^  «N.TMiCvw»  ^'^_3?^^ 
ifM  ondueed  bj  the  extnneoua  load  w  alooe ;  witbont  retereace  u*  tVio»«  V't*^^««^>"^  VJtxfc^^« 
hewlevM*  tbeauelwen.    If  the  fbroe  noting  at  a  is  not  vert.  ^\x\.  oYA^wb,  lYi«*VV*  ^wftJwa^*^ 
I  or  eemrwe  bedrmwa  «hlfqM ;  bat  if  the  foroe  at  a  te  Kravitj  ot  w\,  Vt  mua%>»  ^«*V. 

202 
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Aimiwliiniif  rinlludU.ind<ninuMi>tnlDialsiilUilEii|Iki,dipnaiellHiu>M 
tbe  Ueiw  sr  liuUuiJwi  or  ibi^  plcon  ititli  nfaid  u  iku  cLbcr.  •>  upou  tag  uiii>J  Ijali  •"■V 


Fulfil-    Ol 


e;  and  lh«  Ibroiu  In  puiing  tbrnngh  them  from  snd  ta  end,  of  cour 
thBoi  tilnlai  rwpHIlvelf  prii[>,irtlun9.te  to  thn  fairm,    Nav,  lb<  r-in: 

tHD  forcia  A  lOld  B,  priiducBd  ejeluBivBlr  by  tha  wulJ";  «mt  wliiitll,  for  cualtku- 
a(  ilnving  Ihe  pusUclognun  of  forcu  Id  praitloe,  ue  l^d  ulT  Mcb  wxjr  fma  4' 
h&fe'lUeH  tlina  ToruH  £  e,  f  c,  Hcid  e  i,  jlIJ  &atiD|(Ht  t^toproduat  *(rain  *" 
thia  thay  imiiit  da  b;  MnlniDg  affuiivBt  einoti  <4hur. 


I  of  laoh  sxninplai  u  Fig  14,  with  s  ropi  or  strina,  mny  ■■ 
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exprMsion,)  he  gained.  It  ii  called  the  ftanicnlar  lUflCllllkC  ;  ifr  B<nne< 
Ord*  Fig  1«^  shows  the  pHnelpleen  which  this  machine  is  freqoeatiy  emplojed 
reat  resistaiictf,  r,  through  a  short  distance,  bj  a  small  power  ji.  One  end  c,  of  a 
y  fixed.  The  rofw  pastuM  over  a  pullc/  d ;  and  its  other  end  U  tied  to  the  resist- 
y  applying  a  small  downward  foroe  p,  at  the  center  of  the  rope,  drawing  it  dowa 
uereby  raised  a  short  diet;  for  the  same  great  strain  which  the  small  force  p  pn>> 
extends  also  down  the  rope,  from  d  to  r;  except  a  slight  loss  prodoced  hj.tb» 
By.  -  Thus,  the  strain  along  the  baok-stays  of  a  saspension  bridge,  is  equal  tcftbat 
I  Jost  inside  of  the  soKpension  piers;  auppesiag  the  cables  to  rest  upon  rollers.  In 
lideratlon  of  ropee  and  chains,  they  are  in  niMit  eases  assumed  not  to  stretch ;  to 
B ;  without  weight ;  and  infinitely  thin. 

.  faiioaiar  machine,  when  one  end  is  fixed  or  ImmovaMe,  the  other  end  being  either 
b  soBM  'resistance  intended  to  be  overcome,  such  as  a  load  to  be  raised ;  and  when 
>wer  is  applied  to  it  at «  poiiU  b^Ueeen  iu  two  ende;  «nd  in  a  direetioH  aerou  or 
'.of  the  rope. 

le  the  two  parte  «  e,  « «f ,  Fig  16^,  are  to  be  eonsiderBd  as  two  entirely  distinct  tiee ; 
ir  as  a  m  and  a  n.  Figs  IS  and  10,  are  two  distinct  struts.   Each  of^these  ties  may 
ifierent  amount  of  strain,  depending  on  their  respective  inclinations ;  which  {theo- 
r  take  place  in  the  different  parts  of  a  rope  to  which  all  the  power  is  applied  at  one 
w  many  bends  it  may  have  between  iu  two  ends;  or  even  whether  it  be  wound  any 
ound  a  drum,  pulley,  post,  te.  Power  thus  applied  at  one  end,  cannot  be  across  or 
i ;  because  it  necessarily  pulls  that  end  in  the  same  direction  that  itself  has.    If  a 
one  end  of  a  straight  rope,  should  move  through  adist  of  6  ft.  it  will  evidently 
it  10  lbs  at  the  other  end  through  a  dist  of  5  (t.    It  can  (theoretically) do  neither 
Doe,  theoretioally,  the  power  at  one  end,  and  the  resistance  at  the  other ,j4w equal; 
oally  strained  throughout,  to  an  extent  equal  to  the  power.    No  power  is  gained, 
tated,  this  will  be  the  case  also  if  the  rope  be  wound  around  a  drum  or  post ;  or  bent 
)f  pulleys,  &c.    But  in  practice  this  by  no  means  holds  good ;  for  an  actual  rope 
le  power  may  have  to  overcome  this  «;«tyik(  In  addition  to  the  resistance  at  the  other 
rope  is  by  no  means  perfectly  flexible ;  but  requires  a  considerable  loss  of  power  to 
*um,  post,  &c.  Again,  it  produces  great /He<ion  around  a  post,  Ac ;  and  this  requires 
r  to  overcome  iti  bo  much  so  that  the  descent  of  a  heavy  bodv  is  often  retarded, 
«Iy  taking  a  few  turns  of  the  rope  around  a  post.    These  considerations  reuder 
alculatlous  respecting  ropes, "almost  useless  in  practice;  but  in  many  eases  such 
great  value,  and  give  results  sufllciently  accordant  with  facts. 
'  the  rope  y  e  o  n  be  fixed ;  a  power  of  1^  tons  at  n ;  the  rope  paeeing  over  a  puller 
t  of  line  at  c  by  a  fixed  pin.    Make  e  g  and  e  o  by  scale  each  equal  to  the  power  t 
the  parallelogrnm  ;  the  diagonal  c«of  which  is  then  found  to  be.  say  6;  or  a  result- 
,  in  this  case,  theoreticallv  the  strain  lengthwise  of  the  rope  is  everywhere  equal  to 
ms ;  and  we  have  found  that  it  produces  also  a  strain  c  «>  againafc  the  pin  at  c,  of  6 
luces  a  similar  strain  on 
nount  may  be  found  in  the 
uring  9  tons  by  scale  each 
e  and  n;  oomiHetiDl;  the 
d  measuring  its  diagonal 
w  let  us  use  this  rope  as  "a 
;  and  apply  a  power  x  c  of 
1  that  this  6  tons  produces 
of  9  ton^  along  the  rope ; 
ig  e  o  will  pass  along  to  n ; 
■  of  6  balances  a  resistance 
n  in  the  direction  n  o. 

urfaces  of  contact  of  pieces  of  materials  used  in  constmction,  are 
Yheii  a  piece  is  inteuded  to  resist  compression,  crush,  or  pusli,  it  is 
or  if  inclined,  it  is  often  called  a  brace ;  or  if  vertical,  a  post,  pillar^ 
len  to  resist  tension  or  pull,  a  tie.  When  to  resist  both  tension  and 
,  a  He-strut,  or  a  sirut-tie.  A  strut  should  be  stiff  or  inflexible ;  but  a 
bin  rod,  may  answer  tor  a  tie. 

Ilstlng^nlsli  a  ile  fk^m  a  strnt  at  a  glance  Ia  oometimeg 
may  be  done  thus.    From  ttie  point  a,  Figs  1^%,  at  which  the  force 
e  a  c,  in  the  direction  iu  which  tlie  force,  if  at  liberty,  would  move 
;  point.    On  any  part, 
as  a  diag,  draw  a  paral- 
es.  Through  the  point 
t,  parallel  to  the  other 
all  the  pieces  which 
side  of  that  line,  that 
s ;  while  those  on  the 
re  ties.    We  may  hIso 
rmine,  by  imagining 
9  a  rope  or  ohain,  in- 

;  and  seeing  whether  it  would  then  bear  the  strain, 
itrut. 

aaterfaJ  is  used  to  resist  forees  wbicYi  tend  to  \ieu<L«t  \ff«s9iL\x  «t«v«\%Ax «« *«^^ 
b,  as  in  Fige  47,  48,  49.  60,  U  la  called  a  beom;  ax»\i  %»  \«»\*'»*»  ^'^Si^^JS 
•. /VMoently  aeu  at  oooe,  aa-a  bean).  «a&  M  %X\«,  k».  V*  wV*.^gVt^gS^ 
but  in  our  prvaent  illaaM>ailoika  of  oomn  «aA  t«a  ««  *««*»  ^m»  i««^  *»»^ 
importMat  one,  oould  not  be  weU  QOM\tec«4  aib  ttaa  ""**'  ^^'•^ 


If  it  would  it  iB 
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Art.**,  aiB»  ma; >iiii;1s  fon^  majbe  nsolTcd  Into  tvo  aUI<]uOMiiiSa  IJ^^. 

KpfS  ul  whole,  uVltiTws  Wi'l  llio''.'inglT.Imlir»Uj'lis  .ny  i>iL-M  a  «  or  a  mrfll  F^, 
(bnrnnjniilliiBllpt.iinj ■^a  ilira  r-Bolird.  Jn  i.mrticfl.lltafiviincnlljomBBlW  r^ 
tbw!8ndeipcciiillyM  tor  findioK  coQiponentiiit  rtfibUmelB.l,— •— "- '-"■ 

\\^\        r\  \  q°eiilli.l°£'j^stl*Krbsll7ldipH<HUldiiv.S«AnAM^ 


B5IT 


nm'  Biln  ilNlln  UanftJInli  |  *(iKs<  wUI  iln  Ikal 
nni  H,  1 1  nIIIM  JrtBt.  MB*  imuMiMllT  >»w  tin  HMJI 


ss;' 


.s;:::^'^'^.' 


R,FlKl8.fflnoHoT»i 


or  Ihg  Inagtiig  or  Ilio  two  bi^amH ;  or  how  dUT  Iho  louL  Mmlm  rn  llio  dinetbMftf 
t;ieir  Kflueellve  luUBlba;  tlio  Aor  liralnis  cnmcl  (loth  tj  Ihs  aKraneooi  Ifl^M 
l.v  tbo  welgUts  of  ll.«  U.:ama  lliomadTM,  will  Jilw.js  ba  e^o»l  an  both  oIltA 

.HctHnponBtfbtadW 
T.(l  Uj  thr™  fotCMiOj,ii 
iiljnnbjnri;  "tich  p* 


Rni.3.    jr,t,iinngW/l,<m«<ttthtbfmt,—mt,lt 

hoT.  it  Is  pkln  tliat  111  ef  the  dUg  oy,  thM  li.  (U  of  ON 
vclght  F  or  W.  In  iKima  I7  the  oUiorbums;;  udit 
■niUliui  hw  tlmtn  only.  Tha  h«in  d^  of  cddiw  bnn 
Hn  equal  koTamVut]^to^n4t^k4WTLV)  ^u%«^<*l  to**. 
RXM.  \.    It  U  Minttt.t«Aia_l.l 
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M^   .^. 


Krfia 


Ir^l"" itnickttfUta •>, thit E^ bcttreea  n imd m. the nooa vonld 
-mry;  (m  Hrm  i  p  492^  anil  th«  mnpo  flnnlj  in  proporlion  b> 


tOBCTB  IS  BIGID  BODIES. 


4S'] 


L'  ^.     It.  iomeHmet  Imppena,  after  haying 

&d  tbi  'resultant  of  all  the  forces  except  the  last 

that  laid  resultant  and  remaining  force  aro  in 

«UM  atraiKht  line.   Tliaa,  with  the  forces  «,  v,  lo, 

'SB;  the  reaultaut  r  of  m  and  «o,  is  in  the  same 

it  line  with  the  last  remaining  force  t* ;  and  of 

I  BO  parallelogram  of  forces  can  be  drawn  which 

i  haTS  V  and  r  fbr  two  of  its  sides.    Wiion  this 

If  e  and  r  are  of  diff  lengths,  we  have  the 

I  giTte  in  Art  16,  of  two  unequal  forces  meeting 

'"isaine  straight  lino;  hut  in  opposite  directions 

;  itn  .  Gonseqnently,  the  small  one,  and  an  equal  part  of  the  larp^o  one,  mutually 

each  other;  and  tlie  remainder  of  the  largo  ono  id  the  resultant  of  tlie  two 

if  V  amd  r  art  of  the  lam*  length,  then  we  haya  the  eaue  of  two  rqaal  opposing  forces,  wbicl 

jdwtroj  each  other  entirely ;  and  the  body  remainii  at  rest.  Connequently,  there  i^  no  result 

!■  thli  oaae;  for  no  alnfla  foroe  can  have  the  efEeet  of  keeping  a  iMMly  at  rest ;  but  will  alway 


rsfi 


i^rtm  S8b  The  polynron  of  forces*    Tlie  resultant  of  any  number  of  force: 

L,As  same  plane;  and  tunding  either  to  or  from  the  sumu  point,  may  also  be  readily 

~  thus:  Let  a,  6,  and  c,  be  three 

fbices:  whose  resultant  R  is  to 

fband.    Begin  with  any  one  of 

,as  a :  and  draw  a\  parallel,  and 

to  it;  and  place  an  arrow-head 

the  pro|)er  end  of  it,  to  show  its 

ion.    From   this  arrow-head, 

IV  6',  equal  and  parallel  to  &; 

ing  an  arrow-head  at  its  end. 

,  a  this  second  arrow-head,  draw 

I'^efnal  and  parallel  to  c;  and  so  on 

inth  any  number  of  forces;  taking 

.  tktm  im  order.    Finally,  from  the  arrow-head  d  of  the  last  of  the  forces,  draw  a  lin 

A  to  the  buttrend,  n,  of  the  first  one;  thus  closing  the  figure;  imd  plat^e  an  arrow 

\S^  **  ^^  ^^  others.    Now,  this  closing  liuu  A,  or  d  n,  witli  its  arrow,  represent 

'  ^4l  In  quantity  and  direction  the  antiresultant  of  the  three  given  forces ;  or  if  it 

*ilMr  be  reversed,  it  will  represent  their  resultant.    Consequently,  we  have  only  t< 

vur fkt>m  o  a  line,  o  R,  parallel  to  A ;  and  to  make  R  equal  to  A ;  but  pointing  in  th 

^Ifuaite  direction.    Then  is  R  the  resultant.* 

yUM  ynooesa  wIU  give  diff  flgares,  according  to  which  foroe  we  b^n  with ;  or  whether  we  take  th 
I  lu  rigbt,  or  left-baud  order ;  still.  A  will  always  come  out  the  same  in  all  of  them.  If  the  thro 


^21 


ifNa  fiiroe*  (or  anv  greater  number,  as  the  case  may  be)  had  been  iu  equilibrium  with  each  othei 

4al  la,  had  Biutually  dettf-oyed  each  otlier's  tendency  to  eause  motion^  they  of  course  could  have  c 

kot,  or  single  force  that  would  produce  an  equal  effect;  becanse  a  single  force,  if  the  only  on 

.  on  a  body,  niUNt  produce  motion.  When  this  is  the  case,  we  shall  find  that  the  fig  will  hare  u 

araaaing  each  other  wls  a  and  c  do ;  but  will  be  a  i>oIygon ;  and  will  close  by  drawing  the  force 

,  la  order;  thus,  if  a,  A,  and  e  had  been  iu  equilibrium  with  each  other,  then  the  arrow-hcnd  a 

the  third  fOroe  c,  would  have  come  to  n,  the  butt-end  of  the  first  foroe  a ;  thus  forming  a  complet 


r» 


«■?        The  foregoing  depends  upon  the  following, 
1^    known  as  the  principle  of  the  polyflr<>n 

*  ^tf  forces*  In  a  polygon,  as  a  ^  c  <f.  Fig  2*2, 
ftf  any  number,  and  lengths  of  sides  whatever, 
t1  these  aides  be  taken  in  their  order,  to  represent 
90  many  consecutive  forces,  as  denoted  by  the 
ttnows;  then  will  those  forces  be  in  equili- 
Vrinm,  or  keep  each  oUier  at  rest,  if  they  all  be 
Ibnparted  in  the  same  plane,  to  a  rigid  body  B ; 
and  in  directions  respectively  parallel  to  the 
•ides  of  the  polygon ;  and  all  tending  to  or 
flrom  the  same  point,  s.  It  follows,  vice  versa, « 
that,  if  any  number  of  such  forces  so  situated, 
bold  each  other  in  equililirium,  they  will,  if 
drawn  in  a  consecutive  order,  (aa  in  2i,)  form  a  closed  po\'jgS>^' 

^.ft  * ^'^i?'  **■*  '"  maraumber  of  saoh  forees,  any  one  of  them  Vs  ibe  ^uWTWwWwiV ol  ^\"C^*^^ 
m^te  i/rSli    "Jiif^  ',1  ^fl"""""'"™  ••  it  ii  also  equal,  of  oourae.  to  tbc\t  Te4M\UMi\.-,\>>x\.  ^'iv^v 

^Hsa  or  it,  wiu  Duimncc  tbowe  oa  the  other  aide ;  thus,  d'  and  c' ,  wVW  baAaucft  a*  »»<^^  V  . 

^  Ar  CtenaalcaAi.  ^  ^prvMuu  the  antl-nsiultaut ;  aiikd  Vva  A\tooUou  m>xaVX»  t«5N« 
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BODIES. 

T] 

.™  1  II  ■„«, 

ul  bt  Islkmd  !»><»  Km»M>n« 

H'lelbr.lho 

.■^y.«,.»-Jj 

,.  J,  u  .btab  It,, 

.niaiwi.4;  tor  >h>  WJj  ii.[.li>  mcr 

BPUerOaluI 

aJJisaaiM 

™ro°'r'irSi 

w*rfer.".^,'^'it°»r.'^'^r.i 

rs£ii-iis:. 

WlirimiiaHi  D 

lU.  IhonU  .dd  ^IW^Md  ™b  .U« 

i:°j^^ts:-^i^£s^im 

sr'jis^v 

."S^^i  J^^iir"!;,"!,";  «n 

';.z?^fA 

/j°f„,"?^^Kttf^^B 

BM.3.  Atri 

a.glifl«logi.poljgi>oof3«l(1e^ 

funjSfonw 

vThlchlbniilflMB 

bj  »PPliM^t^| 

=  plnnB,n,.l«d^.uHlIn,llrM 

tLudipnhUle 

ng  oitln-r  tg  or  from  DM  [i.iliil 

lh»TWillho 

Lrlum",    And,v 

"^jr  ^Suo  ™<-™i!;b?°^  n 

rpl  at  r«t  a 

Cjtcci  whii:li  nrc 

|»rtton»l  lu  Ih 

m./i'Tii^m:  ilHtibvinM^ 

Iilus!  Hut  tlia 

T  all  tend  «lth«i  W  or  ftom  ™ 

e  point;  tna  thnt  hit  «*  tfl^H 

UU  In  tta.  din 

Clion  or  in  nnrlreautUnt  la  th 

HonoTBT,  MlfcMH 

nclnilpd  l*t 

^jo,..'n,,^ 

Ex.1  ThlilanniilinJIirrtathorrKeillnR,  IM  >lbO'.F!e^3K.ba  HiStaj 
•.tiT  uoh  Lridge,  linOad  or  uulmiled  eigiullv  tbrouKUmit;  ui<l  of  which  w*t» 
■Itlier  cue  Ihetafal'nt:  and  tliAt  tliecen  orE^vofuliI  *l  li  noAiswIUfNlBlir' 
Koagg.    Kow  Ihialiair  bridge  li.  ]|ke  t)i«  preceding  beus.  ki>pt  in  wplllili" 

»ivk/i    fViJIndllisdlnctlaniindBnioanUoflhoHro^'-''.  i:    '. 

»oeMnjrWi»TiTtoaatc.    Frnm  c  dniw  ft  Um  In  ton  fin-;    - 

'nOD/UiooW(.jiieforceo.    Fr™  e  m™«nw*"'n\>^  «  ■■> 

roDtAw  rtT  Jo  mpnwcnt  the  weight;  oiiatinm  t.ftrnv 

e.  iriU  Na  tliB  hor  pri-'fi  !•■■.  Mil  et.ttw  pWit 
lliuarch,  bosrn  all  uf  c  « j  vliol  ta,  alv  ftit  x. . 
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Ko  tirt  pm  or  vt  ii  ratained  at  th*  center  In  of  the  arch;  nothing bot  the 
orpne. 

^e  oblique  force  et  constitntee  the  total  thrust  exerted  by  the  entire  arch, 
gftinst  eocA of  its  two  abute;  and  the  line  et  shows  the  direction  in  which  this 
hmat  €»iers  the  abut  at  the  skewback  J  t.  After  entoriuK  at  that  point,  it  bcp^ns  to 
nnra  downward,  on  the  principle  explained  in  Art  72.  Since  e  t  is  the  hyputhonuse 
f  a  right-angled  triangle,  of  which  the  leg  et  represents  the  half  wt;  and  st  the 
ar  pne  of  the  arch,  it  follows  that  the  tohJ  thrust  et  of  an  arch  may  be  found  thus : 
f^  ioigtther  t/m  tquare  of  half  itttot;  and  the  sqttare  of  the  hor  pres  ;  and  take  tht 
frtv'the  stun.  This  applies  also  to  the  arches  in  the  Burr  bridge,  the  Bowstring, 
«.  The  arch  may  in  tuck  eatet  be  supposed  to  be  uniformly  loaded  by  the  otlior 
Imbers  of  the  bridge,  and  by  the  greatest  moving  load  of  cars,  &c,  reaching  from 
sd  to  end  of  it;  and  tiierefore  we  may  in  such  ea$a  conWder  the  line  y^,  or  c<,  to 
a  halfway  between  the  center  of  the  arch  and  the  abutment. 

The  Jeiats  of  any  arck  vfalek  Is  a  portion  ef  a  eirelo,  are 

nally  drawa  toward  the  oeater  of  the  circle;  and,  praod- 

iDy,  tfib  aaswers  overy  parpoM;  bat  It  li  plain  that  atrtct 

Henf  woBld  require  the  joint  f/  to  he  at  right  angles  to  c*. 

B  aiao  the  other  Jointe  of  the  arehatonee  woold  bo  reqd  to 

iperp  to  the  prea  which  thej  have  to  eoataln. 

XoNorer,  ainee  tho  pres  ec,  apoa  the  Joint  /<,  la  mneh 

riater  than  the  pres  «|,  upon  the  Joint  im,  theory  would 

iqeire  the  Joint  ><  to  be  proportloaally  deeper  thaa  In; 

heriii  la  practice  they  are  nsuallj  made  the  aaoM,  oxoept 

1  T&n  lam  arches.    See  Stone  Bridges.   F  849,  footnote. 

Tkelast  few  lines  of  Ex  1,  reapeeUng  the  har  pres  at  the 

lot,  and  at  the  head,  apply  equally  here.    The  voung  ata- 

Ut  should  fkmiliarize  himaeir  thoroughly  with  the  princi- 

le  lllestrated  by  these  two  examples,  aa  It  Is  one  of  rttf 

eqasMapplieatioa  in  praotios ;  as  U  retaining^' walls,  abut- 

■Bta.*e. 

Here,  as  la  the  preceding  example  of  the  beam,  we  do  not 

■elder  the  strains  produced  along  the  length  oTthe  arch 

a/l  Itself;  but  merely  the  two  forces  which,  acting  at  its  eenter  In,  and  at  Ita  foot  /f,  keep  each 

thar,  and  the  wt  of  the  half  arch  and  iu  load,  in  cqallibrium.    For  the  others,  see  Stone  Uridgcs. 

AFt«  89.  A  third  mode  of  finding  the  resultant  R,  Figs  23,  of  any  number  of 
»ees  E,  i\  O,  in  one  plane;  and  tending  to  or  from  one  point  a;;  is  as  follows: 

Draw  tw<o  lines,  H  IT,  and  YT,  at  right  aaglea  to  oaeh  ottier.  From  their  point  of  {nterseetlon  o, 
IBV  lines  by  any  convenient  scale,  to  represent  the  directions  and  amoonts  of  the  forces.  By  Art 
li  reaolTO  each  of  these  forces  into  two  component  ones  parallel  to  H  H  and  Y  Y.  Thus  F  o  is  re- 
lived  into  « o  and  e o ;  Go,  into  m  o  and  io;  R o,  into  I  o  and  n e.  Thea  measure  by  the  scale,  and 
IdlOfSfthar,  thoaa oomponeau  io  and  f  e,  parallel  to  HU,  and  which  tend  to  more  the  point  o 
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tward  the  le/t  hand.  Also  add  together  those  (In  this  ease  only  one)  h  o,  which  tend  to  moTe  o 
»ward  the  riykt  baud.  8ubtniat  the  least  sum  from  the  greatest;  their  diff,  equal  to  «  o,  will  Iw  the 
Multaat  of  the  two  sets  of  fureee  which  respectively  tend  to  move  o  to  the  right,  and  to  the  left.  In 
lis  iastaoee,  this  «•  atuat  evideatly  be  ptaood  M  the  right  of  o,  tieoayae  the  oompoueou  on  that  side 
iTO  tho  greatest  vum. 

Vext,  add  together  those  oompooenta  « o,  no,  parallel  to  Y  Y,  which  tond  to  move  the  point  o  tip- 
<9rd.    In  like  manner  add  together  those  (in  this  ease  only  one)  compoueutd  mo,  parallel  to  V  V, 
hieh  tond  to  move  •  dotcnwcird.    Subtract,  as  Iwfbre,  the  least  subi  from  the  greatest;  their  difT, 
luid  to  ao,  will  lie  the  resultant  of  the  two  sets  of  forces  which  respectively  tend  to  move  o  upward 
ad  downward.    la  this  instance,  «  o  must  be  measd  off  helow  o,  because  the  upward  tondency  is  the 
reatest.    By  this  process,  then,  we  first  reduce  all  the  original  force:*  to  two  components,  to  and  n  o. 
hla  being  donf,  we  have  only  to  complete  the  parallrlogram  of  foroea  o «c  a,  and  draw  its  din>;  c  o ; 
hloh  will  Tie  the  ttnal  single  resultant  of  all  the  original  fnroea.    From  z draw  xy  parallrl  to  r  s. 
nd  make  6 f  equal  to  co;  then  is  hg,  or  R,  the  reqd  renultanv,  anA  b  \.\\«  v*^\\\\.V'^vn\\s^xN\>\V>'^'^'>* 
M  bodr  P,  «o  that  Ita  etTeet  may  be  equal  to  that  of  the  thT««  nT\ii\nii\  toT^'««  «nTv\V\vv<»v\. 
Tb0  three  foregnln/f  pracefnea  far  finding  the  resuUanta  of  any  ^\v«n  \k>iTO,Vw.T  ^s^  VntrfttkViSLWiift-^v*^**- 
d  tmtdtog  to  or  from  one  po/nt,  are  all  exceedingly  aitn^e,  finA.  tvaAVV^  wtiittwno^k- 

Art,  40,    T»  ilad  tJhe  remiltAiit,  ^e  i\^  ¥\%  04,  ot  «a».^  wswod:****  ' 
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VtbjAr&vlmnakfMiM  M|nn4«<y««yMtr^Matoi  fDrlnsUoM.  (o;  at  a  Ur  off  tb*  angle 

ftrevloasljrfbuad ;  aad  fronr  b  draw  &<  at  right  angles  to  a  i.    By  ibis  tbe  force  A  a  i*  resolved 

«,  whioii  lies  in  tbc  plane;  and  Into  aa,  at  rigbt  angles  to  t  a,  or  to  tbe  plane;  but  which  {■ 

§mUd  bf  hL    And  ••  Wilk  Che  «tlMr  Um  fonaM    ThU  baiog  dona,  draw  ja,  «a,  aa,  br 

teadlng  to  one  point;  aad  fonuiog  ifith  aaoh  ocber  angles  e^nal  la  tbe  angles  &ao«  caoi 

id  bj  the  original  foroea.    Now  we  have  two  diatinct  sets  of  Toreea ;  tiame|T,  First,  i  a,  ea.o  a, 

tba  aame  plaM,  and  tending  to  the  satua  point.    Consequently,  their  resuTtaot  is  easttly  found 

t  M.    Second,  the  other  aec  aenafata  of  Uiree  foreee  «f«M(  f  bi,  eo,  «  d;  supposed  to  act  at  the 

a.    Sinoe  these  are  all  in  the  same  line  of  directioni  and  all  act  in  the  aame  direction  upon  tbe 

point  a,  it  is  plain  that  thi>ir  restiUant  is  eaoal  te  their  sum ;  in  other  words,  it  is  found  bjr 

ly  adding  them  together.    Finally,  then,  we  bare  thus  fonnrd  two  separate  resultants  at  right 

a  to.  each  other ;  and  their  resultant  may  be  obtained  by  Art  28,  p  437. 

rt»  48«  In  eases  where  mathematical  accuracy  is  not  necessary,  and  the  nnm- 
of  forces  only  three,  or  four,  the  writer  will  venture  to  propose  a  method  l>y 
tU  ;  which,  if  open  to  the  ol)^tion  of  empirjcism,  has  the  advantage  of  rcquirin)^ 
Hme  than  other  processes ;  la  aulDciently  correct  for  most  practical  purposes ;  and 
n  fhe  resultant  in  iU  actual  pogUion^  which  is  done  by  no  method  of  calculation. 

i  Ma,  4  o,  eo.  Fig  W,  be  the  three  foroee,  meeting  at  o;  their  angles  with  each  other,  ao  &.  b  o  e, 
(whiAli  alone  are  aeeeaaary  In  thla  metliod,)  being  of  eourse  known.    Draw  on  pasteboard  the 
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ao,  ho,  eo.  aa  in  Fig 81.  with  their  acCual  angles  aoh,  boe,  eoo.  By  Art 28.  draw 
araUalogram  of  forces  for-the  noddle  pair  bo,  eo:  and  draw  its  diag  too,  which  will  be  the  re- 
at  of  those  two;  tearing  tbe  resultant  of  it,  and  ao.  yet  to  be  found.  Cut  a  war  neatly  the 
I  flu,  aoaewba.  Make  deep  kaife-seratehea  along e i.  o e,  so  that  the  two  outer  triangles  may 
MTO  readily  turned  at  angles  to  tbe  middle  one.  Turn  them  until  the  two  edges  o  a.  o  a.  meet ; 
boa  paate  a  piece  of  .thiki-psper  along  ttie  meeting  joint,  to  keep  them  in  place.  Stand  the  model 
ita  aide  o  i to e  as  a  base ;  and  waabail  have  tbestfjitiMrabapa  aoiw,  FigSa;  ow  being  tbe  sole, 
I  o  b  the  hollow  foot. 

now  have  the  firdt  resultant  v>  o,  and  tbe  third  remaining  force  a  o,  in  their  octttol  retativnpo- 
\».  Now,  to  And  their  resultant,  alio  in  its  actuul  poxition.  out  a  separate  triangular  piece  of  pa«te- 
I  of  tbe  sixe  aad  shape  of  w  a  o.  Fiud  the  center  i,  of  tbe  edge  w  a,  and  draw  a  line  (  e  on  eaeb 
»r  it.  Finally,  by  means  of  the  edges  a  a,  wo.  paste  this  piece  to  the  inside  of  tbe  model,  along 
nter-line  wo.  This  done,  io  reprexents  one  half  tit  the  reqd  resultant,  in  its  actual  position. 
»  reason  why  it  represents  but  one-half  of  it  is  plain ;  for,  as  be- 
.tated,  we  now  have  a  o  and  lo  o  in  their  actual  positions  in  tbe 
1;  eensequently,  if  we  complete  tbe  parallelogram  of  forces 
ft,  and  draw  its  diagonal  no.  this  laat  will  be  their  resultant, 
lace  the  two  diagR  of  every  parallelogram  divide  each  other  into 
qual  parts,  the  diag  a  u;  thus  divides  the  resultant ;  consequently 
OBO-balf  the  resultant. 

there  be  four  forces,  as  an,  bn,  en,  dn.  Fig  34.  draw  them  as  in    ' 
g,  with  their  actual  angles  anb,  bnc,  &e.    Draw  also  the  re* 
nta  nv,  of  an  and  bn;  and  nw,  of  ne  and  nd.    Then  cutout 
Dtire  fig,  as  before ;  and  paste  together  the  two  edges  an,  an.    \ 

we  hare  the  two  resultants  av,  aw,  Fig  S5,  forming  two  simple 
■,  in  their  actiuU  relativ*t  poaitions ;  and  we  have  only  to  measure 

dist  apart  from  v  to  w;  and  thence  fiud  their  resultant  ar, 
h  will  evidently  be  that  of  the  four  original  forces. 
,  aa  in  the  preceding  ease,  out  out  a  separate  piece  of  pasteboard, 
.  Fig  !t5,  and  having  drawn  on  each  side  of  it  a  line  from  a  to  the 
tr  o  of  ow,  pasta  it  inside  of  thejnodeL-   Then  will  a  o  represent 
Msf/  of  the  re.«nUHnt  of  the  four  forces,  in  it*  actaal  position, 
ould  tbe  model  be  expooed  to  hard  uffage  by  workmen,  it  should  be 
•  of  wood ;  the  trhingles  nnb,  bnc,  ke,  being  cut  ont  separately ; 
ylning  edges  bevelled ;  and  then  glued  together.    See  also  Art  46. 

rU  46.  The  paralleloplped  of  foreen.  If  any  three  forces,  an,  ho. 
Figs  36,  in  diff  planes,  meet  at  one  point  o,  whether  they  all  be  strains,  or  all 
ions,  their  resultant  or  joint  ef- 
will  be  represented,  both  in 
ntity  and  in  direction,  by  the 
;  y  o,  of  a  parallelopiped  act  hi, 
which  three  converging  edg^ 
'  be  aRsnmed  to  represent  the 
le  converging  forces. 
Is  suggests  nnotber  mode  of  showing 
•ommitMmt  nf  three  such  foroen  by  a 
';  for  it  it  oaly  ooeemmrj  to  prppare 
A  nrB,  mM  the  emue  mar  be;  and  «• 
pffcmeac  tbe  reqd  resultant. 

2  P2 


R635 


^^%^^ 


n     /\  flr,hmTli.|;mrPBnlUintR,Flg«li  iiiMl(h»«nglM(^»l«  I 

-"  j^  -     \  vhrch  ir rdrtuB with  the rotnpoilfhltiiTjAbdKktTMfwniHWMi  ' 
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"<?—-; — '    JC      >  Bc(  formal  hj  IliB  cnmimimHioa^lVit. 
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!h>m  ISOP;  aud  use  the  nat  aine  of  the  rem,  inatead  of  that  of  the  angle 

,  Moments.  lieTeratffe.  If  aft,  /^ 

sent  aiiy  force  acting  in  any  direction  vjv 

.nU  if  o,  or  <,  be  any  point  whatever,  ^T 

or  ont  of  the  body  on  which  the  force    «-        <:    c        11    D^   '         ik 

nd  if  from  said  point  a  line  o  c,  or  »  c,     ■^^— -.---* */''"" '^  ^  ^>* 

e  r«j8f/i(  atijirie*  to  eaid  direction  of  the  \    ,:   ;       /  .--''' 

aid  line  o  »,  or  i  c,  is  called  the  arm,  ^  .\  ;  /  ,.'*''-ii  -  ^ 
ire  of  the  force  a  6,  aixm/  said  point.  \ff-.  ^y-f-,/  ^'•''  Jitf  4'|| 
imount  of  the  force  in  &M,  Ao,  be  mult         V  *T-'*'-T'  S  ■  ^ 

th  of  the  arm  or  leverage  in  feet,  Ac,  V.'Ni/"*-0 

ft-Ibs,  Ac,  is  called  the  moment  of  j-  i^ 

tout  that  pijint.    Thus,  if  the  force  ah  ^  T 

tons;  and  the  line  ox,  u  feet,  then  the  /^ 

a  6  about  o  is  8  X  6  =i  48  ft-Ibe ;  or  ft-  ' 

it  repretents  tb«  toul  tcodcnoT  of  tke  force  to  prodnee  notion  about  tbe  flTcn  pofnt. 
Id  hor,  bvtweeu  tbe  ends  of  a  thumb  and  rorefiuger.  a  piece  of  aticli  a  foot  loaf,  irblch 
c  tbe  otber  end  of  it :  because  tbe  tendency  of  tbe  wt  to  prodaee  motion  is  too  great  for 
r  fingers  lo  resist;  but  we  can  in  tbat  Baaner  bold  a  siieli  two  feet  Innv,  witb  a  S  ft  wk 
'  we  take  it  at  tbe  center.  For  although  In  this  case  there  is  twice  as  maeb  momcBt  a« 
at  our  fingers ;  jret  it  is  not  now  exerted  agaitut  them  ;  because  we  now  bar*  two  e«Dai 
pposite  direetiona.  reacting  mgmkut  emck  vtktr;  and  leaving  nothlDg  for  the  flngen  to 
except  tbe  mere  vert  wt  of  <»  1m. 

>ment  abont  o  tends  to  produce  Botloa  at  thai  point  In  tbe  direetlon  in  whlcb  the  handa 
ve,  or  from  tbe  left  band,  toward  the  right,  it  is  called  a  right-hand  moment.  Rut  the 
same  force,  about  tbe  point  i,  tends  to  produce  motion  at  that  point,  from  right  to  left, 
le  arrow-head  on  the  small  circle ;  hence  it  la  called  a  left-hand  moment.  Tbe  moment 
y,  witb  its  leverage  y  i,  abont  tbe  point  <,  is  a  left-hand  one;  as  Is  also  that  of  « •» 
gee  t. 

rm  0  s,  or  <  r,  Instead  of  being  merely  an  Imagined  diet.  Is  a  rigid  &«r,  at  one  tad  of 
c.  the  force  is  imparted  ;  thus  giving  the  bar  a  tendencv  to  move  around  tb&point  o  or 
Iter,  it  is  frequently  called  a  letkb;  and  the  point  e  or  j,  the  fvlcbdh  of  the  lever. 

'er,  instend  of  being  like  e  t,  at  right  anieles  to  the  direction  a  m  of  the' 
(1  be  oblique  to.it,  as  in  t  m,  or  i  «f ;  or  should  be  curved,  or  bent  in  any 
!;  this  in  no  way  affects  the  leverage,  or-  moment  of  tbe  force;  for  the 

1»  alwnyH  tlie  perjp^lnUnr  in  other  tom-df,  the  nhortest  dint 
»  fulcra m,  to  the  direetlon  of  the  foree;  and  is  entirely 
t  of  tbe  length  of  the  lever  itself.  This  ill  a  irrand  ftinda* 
principle  of  all  ievem.  and  leverairen;  and  the  young 
nld  carefully  impress  it  upon  his  memory,  inasmuch  as  it  is  of  constant 
in  practice. 

um  is  not  always  at  one  end  of  the  lever,  but  may  be  between  the  two 
It  there  arc  two  arms.  Cog-wheels  are  merely  continuona  circular  levers, 
crum  at  tbe  center. 

As  a  further  illustration,  let  A^ 

,  be  a  bent  lever,  turning  on        Yt\j^  A1  li       .•--*' 

f\  and  m  and  n  two  wts  sus-       •^^**  -S"''"^ 

n  its  ends,  constituting  two  .-*'''*^rN 

g  in  the  vert  directions  a  n^  "U  ^,,.--*''      y   \\  '%^ 

•■  r,  at  right  angles  to  the  di-  ..••*'♦  x     I'll  '**  t  *'* 

and /a,  at  right. angles  to  *'     \  x   i**    -''' ^      '^"M 

wan,  are  tbe  arms,  or  lever-  \        ^      ^.-t*       va      -^ 

forces  ni,  aud  n,  about  the  \     ^  ..♦'''    j        VJik     ^ 

heoe  leverages  are  equal,  say  eaiih  ^^^^^^^1  c" •  S 

'  esch  wt.  mandn.  be  lOOIbs:  then  ^  ij*  ^  \i 

1  mnment  of  m.  nnd  the  left-hand  n  ^  T  ^ 

/.  Hre  each  fix  lOOcrfiOO  ft-0>s ;  and  ■  M 

frtroeo.  and  /.  are  all  tn  the  tavtt*  ^^ 

o  forces,  or  the  two  opposite  mo>  -||  ^A 

B  wioh  other;  although  the  actual  "• ^ 

ach  longer  than /  a.     See  Art  42.         ''^'5^^^^^^^^^^^^^^!^^?^ 

e-the  wt  m  to  be  removed :  and  that  iDatesd  of  it.  a  pereoir  pnlla  in  -the  dlreetkm  (t.'by 
Hng  fsntened  at  ft.  With  what  fnree  mast  he  pall  in  order  to  balance  the  wt  N?  -First 
jversjte  ft,  from  the  fnlcrum.  and  at  right  angles  to  the  direction  fcs  of  the  new  force; 
t  is  found  to  be  9  ft.  Now  we  have  already  found  tbe  moment  of  n  about  /  to  be  #00  ft- 
equire  the  same  moment  on  the  opposite  aide;  aolbatii\\th«.x.\«T«^A.N»>n%B^'«V'%x 

'eet  lerenge  mast  be  malt  by.  In  order  to  make  Mb.   TYA«\a\t\a\T\3  —  ^  "^  ^Afc^>*-» 

lah  the  pernon  most  exert :  heoikaae  »  X  •*•«*  =  <!»•.  «  x  <v  »  xsk 

bt  wttb  the  fame  length  of  lev«r,  /k,  wa  q«&  1».t%  «tt  p«we(r%,  V^  ta»«ft^^  «  ^'^ 
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ovM,  tieeording  to  the  dbnetion  in  wbioh  we  apply  oar  foroe  to  the  lever.  Thte.  bovenr,  trIlMQr. 
hu  its  limit;  for  tbv  greatest  power  Is  gmhied  (to  aae  the  popular  ex  preesloo)  whee  •#  iM^sv 
foroe  in  the  direction  iy,  at  right  ungles  to  a  line /ft.  drawn  from  the  fulorum  to  the  osier  MiClto 
lever,    if  we  apply  it  in  the  dirootion  i  d,  we  get  ouJj  t^  levcraflB  fh. 


example.  If  e  I  nd  f  i^fk 


On  the  same  prinoiple  as  in  the ; 
42,  be  two  beams  of  equal  seantiing,  but  oT  dllT  lengths:  with 
<*f  each  lirmly  flxed  in  a  vert  wail,  and  both  austaiuing  equal  si 
wtsw,  x;  the  moments  of  the  wuaheutthe  pelntao  andg  wflll 
because  the  arms  or  leTerages  e  e,  g  a.  are  eauaJ.  Tberrfort  Iha  *t  • 
will  have  no  pioce  ^sjidieney  to  break  off  the  long  buam  at  sy  iImb  cfeM 
to  break  the  short  oue  at  g.  The  wts  of  the  beams  themsaivea  an  Mt 
here  taken  into  oonstderation ;  and  this  is  always  the  oaa*  hi  spmllM 
of  levers,  unleae  otherwise  expressed.  In  very  many  oases,  the  wl« 
levers  of  two  am^%  dee^noi  anpt  the  result  aimed  at,  protUtd  tktmm 
art  ao  proporUamttd  a*  ta  Aolanee  each  Hker  mfktn  wUtudads  ■•  MMT 
wh^t  their  comparative  lengths  or  wte  may  be. 

If,  iu  Fig  tt,  we  apply  pulls  to  the  beams.  In  the  parallel  dinMlHi 
<s»,  e  a,  ai  right  angles  to  ol,  then  the  leverages  t>aoome  ehaagiilNB 
o«  aud  ga.to  o.<  and  g»\  and  sinoe  o(  mfeaNnres6  timeeikelM^rf 

ge.  it  follows  that  the  beam  ot  would  be  broken  off  at  o,  by  4-  pMia 

moeh  foroe  in  this  new  direction,  as  g*  woald;  dor  the  levcnii  Mig 

<  times  as  great,  must  be  muU  by  only  4  as  muoli  wt,  In  ordir  li  hga 

an  equal  breaking  moment. 


Art.  51.    In  ordiaary  phraseology,  the  load,  or  resistance  of  any  kind,  whkk 

we  wirth  to  move,  (»v(irc(>iu(>,  or  biilaiice,  by  means  of  a  lever,  is  ciiUud  th»  nmMI; 
while  the  force  of  whatever  kind  which  we  apply  to  accomplish  this,  is  called  fll 
powiT.*  Usually,  hut  by  no  means  always,  the  power  is  applied  tu  the  longer  aiB. 
JB<iaiUbrium.  or  balance,  or  e<jual  momeuis  in  opposite  directions,  will  plainly  alwiil 
take  place,  when  the  long  leverage  (not  lever)  has  the  same  proportion  to  UM  short 
one,  that  the  wt  has  to  the  power;  becAUSo  then  only  can  the  long  leverage  mnlthf' 
the  small  power,  haye  the  same  moment  as  the  short  leveraige  mult  by  the  great  wt 

This  is  seen  in  the  eomnen  steelyard,  Kig  ii ;  whioh  is  merely  an  iron  lever,  turning  oa  a  fWona- 
/,  aad  having  the  wta  of  its  two  arms  /a,  /ft,  so  proportioned  as  to  balance  each  other  when  ■■• 

loaded.  Here  the  power,  PI,  at  the-dlat  of  two  dlvieiuafe  fkesiAl 
fMernm;  balances  the  wt,  IT),  at  the  dlst  of  oue  divisloa.  If  ttl 
wt  W  2  were  suspended  at  y,  oaly  half  a  diviiiion  from  /,  h  wariA 
balance  the  power  P 1,  suspended  where  W 2  is  lu  the  flg.  al  a  whsii 
diviitioa  Tromf.  If  the  power  iM  reqd  to  more,  or  ovttrcoim*  the  wL  it 
is  plain  that  elthef  the  power  itself,  or  the  length  of  its  am.  ■mClN 
greater  than  when  mere  equilibrium  Is  to  be  rffirau'd :  in  other ' 
besides  the  two  acraditeg  Aroea,  whhsh  by  their  mutual  aetlaa  I 
or  equilibrate  each  other,  we  need  eome  unreaUUd  foroe  to 
motion  to  the  inert  matter. 

In  the  two  levers  of  the  same  length.  Fig  44,  the  leverage/W«f  ill 
wt  w.  Is  of  the  same  length  in  both;  namely,  nne  di%-|iiinB ;  bet  dM 
leverage  fp.  of  the  power  p,  is  but  two  divisions  long  iu  the  upper  SM, 
aud  three  divisions  in  the  lower.  Therefore  a  |M>wer  of  I  Ih  willMsMi 
only  a  wt  of  'I  lbs  in  the  upper  one.  aad  of  three  lbs  in  tlie  lower.  Ia|^ 
upper  one,  the  power  will  move  twioe  as  fast  as  the  wt;  iu  the  lower es^ 
three  times  as  fhst.  When  the  fulorum  is  between  the  wt  aed  thanaew, 
an  in  the  upper  one.  the  lever  is  said  to  be  of  the  JUtt  cLut:  when  ueM- 
crum  i*  at  one  end,  and  the  power  at  the  other,  ttcond  olana;  fukaum  rt 
one  end,  and  wt  at  the  other,  third,  elass.  In  all  eascx  it  is  assumed  iksl 
the  fulcmm  i«  in  the  same  ptaae  (Art  8)  with  the  dlreetlonx  of  both  lhi«l 
and  the  |>ower :  otherwise  the  priDcipleo  do  aot  apply.  When  tw»  welglSf 
bHiance  each  vther  on  two  arms  of  a  lever,  as  a  uteelyard.  or 


iigV4- 


weighing  Hcales,  Ac.  their  direetlons  are  the  vert  lined  iiaining  throMh 
their  centerR  of  grav ;  and  the  same  imaginary  vert  nlniif!  which  celndfii 
with  these  direc<lnn.<i,  coindidea  with,  or  passes  through,  the  fnloram  alwo.  when  this  is  net  Ifet 
ease,  no  equilibrium  can  exiiit.  Thin  may  lie  readily  proved  by  experiment ;  for  wr  cannot  taaUMtS 
lK>w-shape<l  pieoe  of  ncipk  or  wire,  so  long  as  the  traw  is  hor ;  for  it  will  turn  on  the  fulcrum,  of  IM 
own  aeconi,  until  the  Im>w  iMtcootes  vert;  so  that  the  same  vert  plane  that  passes  through  thehtariB 
shall  pass  alM<  thrnugii  the  cua  of  grav  of  each  half  of  the  bow.  If  all  the  forces  acting  en  the  Ifvcr 
are  -hor,  or  oblique,  tlie  imaginary  plane  must  be  so  too.  Moments,  must  not  be  oontbuaiM  with 
momentum.    See  Art  10.    Moment  means  maeb  the  same  as  tendency. 

Bkm,  From  what  has  been  aald  re»pecting  the  lower  Fig  44,  it  foUowi  that  when  a  loud  m  la  iMM 
at  any  point  of  a  beam//)  «iipporteil  at  bitth  ends,  then  the  portion  of  the  load  supnnrted  hw  eaehef 
these  points /and  p.  is  in  the  same  proportion  to  the  whole  load  that  the  reapeotijre  portims  /«  aad 
p  to  of  the  beam,  are  to  the  wliole  span  fp  of  the  beam ;  hut  invnraely ;  that  it.  the  smallest  portlea 
of  the  load  is  borne  by  the  support  at  p :  and  the  largest  portion  by/.  In  the  fig.  /w  U aaathhd, 
and  pvt  \%  two  thirds  of  the  clear  length  or  span  of  the  beam ;  hence,  p  supporta'jMf  of  the  load  •{ 
and/ supports  %. 


*  The  fkot  thtt  by  means  of  leverage  a  smaW  ^power  oau  >%«  laaAa  Uv  mwv^  i^  vr««!t  ^«\.  U  In  eemm^ 
pnHnaoe  st  r/ed  a  ffain  of  power.     Although  In  a  acAeulVAe  •eu<«a  x\^e  vilvt^mVimi  Vh  «k>w«A,  v^ 
prmetloe  It  has  by  Icr  universal  use  beoome  verv  eonvet\\eTi».\  ai\<l  wa  «Yk«\\  v>M!t«T«r«  wwArs  v^wVwl^ 
the  lever,  loKtend  of  nierelv  balanHng  the  pftwev  aaA  tha  weVR\*vUaa  W^ww*Vat»-w«iWa,U>a^*a. 
asu  ibttrm  mtutt  be  some  eJEOoss  of  force  applied  at  Uui  po««r  wcA,  \a  v<^^m*  \Sm  ^ 
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W«    Tirtiiid  TelodUe*.    Whenever  the  pow«r  and  the  wt  t»]*nee 

ir,  either  in  a  single  lever,  or  in  a  connected  system  of  levers,  or  leverages, 
id  whatever,  then  if  we  suftpose  them  to  be  put  into  motion  about  the  ful' 
ir  respective  vels  will  be  in  the  same  proportion  or  ratio  as  their  leven^es; 
the  leverage  of  the  power  is  2,  6,  or  60  times  as  long  as  that  of  the  wt,  the 
11  move  2,  6,  or  60  times  as  fiwt  as  the  wt.  Therefore,  by  observing  these 
nay  determine  the  ratio  of  the  leverages.  The  wt  and  the  power  are  to 
ir,  therefore,  inversely  as  their  vels,  as  well  as  inversely  as  their  leverages; 
J  called  theprincipk  of  virtual  veloeitia;  M&d  is  a  very  important  one. 

Ml*  Neither  the  amonnt,  nor  the  effisct  of  leTerage  is  changed,  if  .the  arms 
er,  (whether  straight  or  crooked,  or  in  whatever  relatire  positions  they  may 
!ad  of  being  in  one  piece,  and  supported  by  a  single  point  or  edge  as  a  ful- 
in  Fig  44 ;  tibould  consist  of  two  separate  pieces  m  and  n,  Fig  45,  firmly 

•  a  straight  rigid  axle  a  x, 
mgth;  (usually  placed  at  tL  />^96 
•\fia  to  the  levers  m,  n,)  apd 
I  at  two  or  more  points 
3  moments  are  then  about 
)r  longitudinal  center-line 
:le;  any  puiut  of  which 
tgarded  as  the  fulcrum.  It 
ver  immaterial  at  what 
mg  the  axle,  the  leVer-nrms 
r  be  attached  to  it ;  both 
letween  /,/;  or  both  out- 
>ne  in  each  position.  This 
ited  by  the  common  hoisting  wheel  and  axle ;  in  which  the  rad  of  the  wheel,, 

of  the  axle,  mea.sd  from  their  common  axis,  constitute  two  continuous 
.Iso  by  scries  of  cok- wheels,  which  we  see  placed  indiflarently  at  any  poitats 
bended  shafts,  or  axles,  m  hether  vert,  hor,  or  inclined, 
overs  m,ny  are  not  at  right  anjiles  to  the  length  of  the  axle,  then  their  lever^ 

not  their  actual  Uhgths,  (measd  from  the  ceuter  line  of  the  axle,)  must  evi- 
)  used  in  calculating  the  moments  oi  forces  acting  upon  them.  See  Remark, 
471. 

IS  UBamptloD  of  kd  imaginary  axle,  or  azte.  ai  la  Bern  to  Art  41,  enables  to  selre  sneh 
Is.    The  eatire  load  Iwing  known  which  is  sastaioed  bj  three  verl  snpports ;  also  the  posl- 
cen  of  grav ;  to  find  how  much  of  it  is 
)j  each  of  the  supports :  Draw  by  scale, 
»be.  Fig  46.  showing  in  plan  the  oorreet 

•  (be  supports ;  and  of  the  oen  of  grav  g, 
ained  load.  Assume  any  side,  as  a  e.  to 
;  and  from  it  draw  the  two  |Arps:  ih.to 
te  angle  h ;  and  e  g.  Now,  it  Is  plain  that 
ft,  may  be  considered  as  two  leverages 
apposed  axle  a  e.  At  y  is  placed  the  en- 
rhose  moment  about  the  axis  of  the  axle, 
the  load,  (say  5  tons,)  mult  by  the  meas- 
loale)  length  of  e  g,  say  8  ft.  And  this 
»  X  8  =  40  ft-tons)  is  balanced  by  that 
trd  force  at  ft :  which  upward  force  mast 
>  that  share  of  the  load  which  rests  apon 
>h  as  the  two  are  in  equilibrium.  To  And 
It  of  the  force  at  ft,  we  have  only  to  dir 
It  (40  ft-tons)  of  g,  by  the  leverage  i  ft.  of  the  reqd  force  ft.   Snppost  <  ft  is  found  by  the  scale 

K;  then  the  upward  force  at  ft,  is  ^^  =  1.6  tons ;  and  we  have  its  moment  about  the  axis 

1  =  40  ft-tons.  the  same  as  that  of  g.  Therefore  ft  supports  1.6  tons  of  the  load.  In  pre- 
same  manner  we  may  assume  each  side  in  turn  to  bean  axis;  and  find  how  mueh  is  sus- 
he  opposite  angle. 

T,  in  which  a  represents  one  end  of  the  axis ;  a  g  the  leverage  s  y  of  the  load  g ;  and  a  • 
if  the  force  ft,  will  make  the  principle  more  apparent. 

B4.  Ex.  1.  The  eondltlon  of  a  beam 
K  47,  may  often  be  examined  on  the 
pie  of  a  lever.  Suppose  it  to  be  of  uniform 
thickness :  iu*  length  a  ft.  in  th^  clear  between  iu  rapports, 
rt  000  A«  ;  a»d  its  poiiitfon  hor  In  this  case  we  know  that 
a  wt.  or  300  lbs.  is  borue  by  esch  support.  To  prore  this,  we 
der  its  entire  weight  to  be  onncentrsled  at  its  een  of  graT, 
ilsoase  will  ly  at  its  center  I.  8ee  Arts-ft6.  &7.  Then  ise  supp««« 

BapportM.  Hg  o.  tobe  removed ;  and  an  upward  force/  tm  Ya  ww^*«.\ 

mm  lerer a  ».  20  ft  loot,  without wtt  and  aiMtoln\nc  « \na& ot  «ft^%»X\^tv^«k>»*^^ 
•laee  the  fnree  and  the  Iniwl  both  act  veru  and  tbe  Y«iim  \»^w,  w  %V  ^*^^.**SSV««b 
tberefore  the  dht  a  t  »o4  »  h  from  the  fdloraia.  ate  «»•  trtk*  ^«»T^***i^  v^'teT-  « 
tbe  momeat  of  the  load,  abCut  the  taloram,  ia  «M  IBka  muW. Y>i  Vi  U= W#»  "v^^*  ■» 


Rrf^e 


n. 
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tooo 

talanoa  thU,  the  upward  foroe/  most  be  eqval  to  --;-  =  MO  l>flt  oi*  ««e-lMir  of  ttv  wt  «r  Ih* 

the  proof  reqd.    When,  inatsad  of  the  moment$  of  foroei,  ire  oonslder  their  btmUnm.  er 
efeeta  upon  bodied,  we  oanaot  always  suppose  wu  to  be  ooDoeutnted  at  tbe  eeoturs  olgravlij. 
Art  58. 

If,  in  addition  to  its  own  wt,  tbe  beam  had  aetaallj  susCalned  a  load  wmtttM  emUtv,  v«  bmi 
thi-i  load  to  rhe  wt  of  the  beam ;  and  tiiaa  prooeed  as  ooCura.    So  also  if  it  aoataiiu  a  hMud 
distributed  over  iu  length. 


Si0S 


TiiSO 


VipSi 


Ex.2.  IfiheeoBoriraTorthebeambeatanypointf,  FlfMiMlM. 
its  center,  we  use  tbe  leverages  a  y  and  a  a,  iustead  of  a  f  and  •  I;  Ml 
if  in  addition  it  SMstaiM  a  load  m  afc  aaj  point  n  wbaiover.wt  IM  M 
as  before  ttao  foroe  read  at  F  for  tbe  beam  alone ;  and  aftirwii^  to 
UHiog  a  n,  and  a  «  as  leverages,  we  And  tbe  force  Tti|d  t^  tht  hiiil 
and  add  tbo  two  foroea  together  for  the  total  F. 


Kz.  S.  If  the  beam  sostains  leTeral  loads  at  dlCf  pololi,  n  li  1% 
49,  caloalate  tor  eaoll  of  tham  separately,  nfting  the  levaragM  «it*4 
a  o,  fto :  and  add  ail  together  for  total  F. 


Ex.  4.  If  the  beam  in  any  ao<di  ease.  Is  tneliaed,  as  ta  F1cH.ttl 

hor  didt  ao,  ag.  &a,  most  tie  talcen  as  maasurod  fkxim  the  fwana^ 

instead  of  a  (.  a  i,  &<n  because,  sincaall  ttaeforuM  are  vert  indtraomi 

only  a  hor  line  can  be  at  right  angles  to  them »  and  M»rve  to  mmmn 

their  leveragM  from  tbe  fularum  a.    If  the   beam  be  r^d.  aadia 

ends  out  hor.  as  shown  in  this  fig,  it  will  have  no  fendenay  Mi" 

because  all  the  foroes  which  through  it  ar«  aj^ied  to  Uw  ' 

aal  p  are  vert;   and   since  the  Joints   are  at  right   nngiw  lal 

bodies  at  those  points,  the  entire  foroes  will  be  imparfd  mitn;  Mf» 

tion  of  them  remaining  wnresistscf,  to  act  as  motion,  so  lomg  as  f 

beam  remaitu  rigid,  and  co»*ef%i»uttjf  BtmigfU.     Rnt  iflt  T 

dor  either  its  own  wt.  or  that  of  Ita  load,  new  forees  oooM  folo  t 

which  will  tend  to  push  tbe  sopports  outward  from  aaeh 

alrto  iu  the  foregoing  eases. 

It  is  only  where  we  may  practically  regard  a  beam  as  rigid,  or  onchangeable  under  tb«  fioroea.  IM 

Ihe  foregoing  otiuoeutration  of  entir*  weights  or  foroes  at  the  oen  of  grav,  oan  he  safWy 

It  will  not  apply  when  we  are  investigating  the  strength,  and  dffiectiont  of  beauiit;  see  Artfi6L 

After  having  thud  obtained  P,  in  any  of  these  caws,  or  in  other  wordii,  having  found   howi 

of  the  entire  wt  of  beam  and  load  bears  upon  one  supiiort,  we  have  only  to  subtract  it  fkxim  th«< 

wt,  to  obtain  that  on  the  other  support.    It  is  plainly  immaterial  whioh  end  of  the  beam  is  i 

to  be  the  fulcrum  iu  any  of  these  caMs. 

Ex.  5.  Let  a  o,  Figs  jl,  be  a  hor  beam  10  ft  long,  prq}eoting  from  a  vert  wall  m  c ;  and  restiacaiNi 

end  on  a  step  •;  the  other  end  being  NU.4tuiued  by  i  " 
a  strut,  or  a  tie  o  e.  \i^  ft  loug.     Tbo  Iwara.  and  ha  I 
form  load,  weighing  together  3  tons,  wliat  will  bothopi 
ing  strain  along  tbe  dirtotion  of  the  strut ;  or  the  nl 
strain  along  the  tie?    Draw  the  Fik  to  mialo:  aadw 


are  a  i  (which  will  be  found  to  lie  6  ft)  at  right  i 
to  c  o.  Now,  the  weight  of  a  rigid  tHidy.  when  < 
only  with  regard  to  its  efTeot  iu  moving  the  otttiro  aa- 
altered  body,  or  in  straininK  it  bodily  against  aaUfctr 
body,  acts  the  same  as  if  it  wera  all  oonoentrated  at  in 
cen  of  grav:  and  since  we  are  now  about  to  eonsMa'fe 
fa  that  light,  and  not  as  tonding  to  h^nd  or  hrmk  Ikl 
beam  a  o  (in  which  case  only,  kn^f  its  unifom  load,  mA 
wt  must  be  assumed  to  booi»iioentrat«datitNoe«ofatavd 
we  consider  the  3  tuns  wt  to  act  at  9.  5  ft.  or  hatf  Ihi 
length  of  the  beam  from  a.  Now.  the  3  inn*,  heing  afcNi 
of  grav,  will  act  in  a  vert  direction;  and  since  toe bfua 
Is  hor.  a  0  is  at  right  angles  to  tbiit  direction  of  the  tmtt 
exerted  by  the  beam  and  its  loail.  Coni*equeatlr,  If  •• 
assume  the  beam  to  be  a  lever,  movable  about  a,  as  a  fulcrum,  a  9  is  tha  leverage  of  that  hweesf 
grav ;  and  the  moment  of  that  force  about  a,  consequently,  is  3  X  5  -  15  font-tnas.  Rnt  this  nM 
is  reaoted  against  by  that  of  another  foroe  in  the  direction  e  o ;  whieh  aetn  at  the  point  o  of  tbo  1 
a  o,  to  uphold  the  beam  and  its  load.  The  leverage  a  <  of  this  (hroe.  that  is.  the  ili«t  from  the  ~ 
a,  and  at  right  anKles  to  the  direction  c  o  of  the  foroe.  has  already  been  found  to  If  (»  ft ;  oonseqaeallr, 
the  force  itself,  in  order  to  have  a  moment  of  1ft  ftrtoas  abent  •  (as  tiia  beam  and  its  load  haT«)Mlid 

15 
evidently  be       =2.5  tons,  the  reqd  strain  along  the  stmt,  or  along  the  tie,  o  e ;  for  2.5  X  t  =  IS. 

Ex.  a.  The  followInK  f*  Tery  Importitnt  In  iUi  appllcatl«B 
to  «rch«A  of  any  material. 

Let  endrj.  Fig  o'2,  represent  on«  half  of  a  bridi^  areh.    If  this  half  were  not  prevanted  by  Ihe 

hor  pre:  M  a,  of  (he  opr^site  half,  it  wouW  evVdenUv  taW.  aa  Vn  \Y»  «\v«A^  H«,  by  tuminc  ahoat  the 

polat  rum  fulcrum.    (Aee.  Rem  1.)    Let  na  f\nA  whalttteVaYiw  VTa»aTnftww\*\ft\w*T«^«Ma.  Tado 

<*/«.  WW  mar  <v>n aider  the  half  bridoa  cn*»j  to  ba  a  \av*t.    ^ww*?*  \\*'«i\y»v«>fe\«»%«k>s 


b»  ooaeentnitetl  at  iti  oen  of  grav  a  :  the  vaA  Una  9  s  V«\aR  ot  waT«  ^"^^ JJ^^^^^^  ^*^^Vi'*^. 
Aad  let  itm  Jererage  r  i,  about  r,  b«  •  ft,  r  t  ol  wtta*  >Mto«  »».  ^i^A  •»««*  >»  ^*»«w*^ 


lot. 
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(Art  49.)  Kow,  whttever  aukj  b« 
11 


I  Its  moment  about  r.  eaaal  to  80  X  6  =:  tfO  ft^oas. 

of  the  bor  force  ha,  whicb  tMtsatt^ 

8  I«v«r,  to  oouutcriioi  ibiit  niom«fefc  of 

* Itveraytt  (Art  48)  ia  plaio) j eqiMi tofl^ 

tm  the  rulcruDi  r,  sud  atrigbt 

A  i  ofsiitd  furoe.  Suppose  w«  fladbfr 

m  th«  drawiujc  ibat  r  «  b  B  feet.  ~' 

luat  Deoessarlly  be  — -=  60  tou ;  which 

B«  whhih  the  opposite  half  of  the  bridfi 
■t  the  kejatoue  a,  of  the  arah;  1v 

r^toDs  ef  uoment. 
ut  MO  long  M  au  arch  i(|  uot  deraa||e4, 

firmly  la  poaitioD,  the  half  arch,  in* 
ing  to'  revolve  about  the  point  r,  preasea 

the  entire  surf  r  d  of  its  skcwback. 
le  leverage  with  ^hich  the  her  foroe  h 
f  skewbacli,  is  actually  y  o.'nieasnrod 
Iter  of  r  d ,  and  in  practice  it  mMt  ba 

of  r  e.  Im  the  same  niauner,  f  mto> 
verage  for  the  wt,  inittead  of  rt. 

The  cell  of  fcrav  of  the 
!li,  CRU  b«  fbuiMi  by  iHaking 

M  d  rj,  about  4  to  6  ins  lon^t^Mi  pMteboard,  or  m  a  stiff  drawing-paper,  to  a  scale, 
flg;  and  balance  it  flatways  on  a  sharp  straight-edge,  or  over  the  edge  of  a  table,  In 
us  or  positions.  Where  these  two  directions  intsraaot  each  other  is  the  cen  of  grav.  It 
i  this  cen  itself  that  is  needed,.  b«  the  line  9  «,  of  Its  direction  ;  which  may  be  fonnd 
Jtiug  oare  that  the  straight-edge  la  parallel  to  the.bacli  n  d,  while  balancing  the  flg. 

rnder  the  head  leverage,  may  be  elass«d  the  tread-wheel;  windlass  and  lever:  capstan 
nd  all  axles  turned  by  a  winch  pr  by  mcraitk;  such  as  the  drum  and  winch  with  whieli  a 
t  is  raised  from  a  well.  &o.  They  araall  merely  coiritinuous  simple  levers,  of  which  the 
ilornm ;  the  rad  of  the  circle  denplbed  by  the  poweris  one  arm,  and  the  rad  of  that  de- 
le  shaft,  dram,  Ac,  la  the  other. 

Compoand  levers,  d'a,  hh,  cc.  Fig  5214.  maybe  used  where 
>t  spHce  for  the  wnoB  of  a  single  lerex  of  oufficiout  power.  They  need  uot 
one  liue ;  but  may  be  placed 
te  other ;  or  in  such  other  po- 
■fliay  be  convenient.  Their 
ach  greater  than  tlie  cotnbf  ued 
lie  three- simple  levers,  and  is 
:  As  the  pn)dnct  of  the  weiglit- 
1X3^6:  is  to  that  of  the 
js,  10  X  8  X  7  =  SCO ;  so  is  the 
the  weight ;  or,  atf  6  :  560  : : 
•^  These  arms  are  measd  in 
from  the  fulcrum;  which  is 
at  the  end  of  one  or  more  of 
when  compounded;  see  Fig 44. 
ned  effects  of  the  three  simple 
lid  be  but  20  +  8  -f  21  =  49;  or  PI,  W49. 

en  or  train  of  toothed  pinions  and  wheels,  working  into  each 

rely  a  scries  of  oootiiiuous  compound  levers.  These  are  generally  set  in  motion  by  a 
e,  the  rad  of  which  is  the  first  leverage  of  the  series;  while  at  the  other  end  of  the  train 
tally- suapended  from  a  drum,  the  rad  of  which  is  the  last  leverage.  To  find  the  elfect, 
e  prod  the  radii  of  the  winch  and  of  the  wheels,  and  into  another  prod  the  radii  of  the 
of  the  drum ;  then,  as  the  last  of  these  prods  is  to  the  first,  so  is  the  power  to  the  wt, 
seeding  naHC. 

e  foregoing  oasies  of  compound  leverage,  as  in  all  other  cases  whatever  of  leverage,  the 
;  is  to  that  of  the  power,  aa  the  power  itself  is  to  the  wt;  thus,  in  Fig  5234,  the  wt  will 

—- '  part  as  fast  as  the  power ;  or  the  power  most  descend  9SH  inches,  in  order  to  raise 

ineh ;  en  the  principle  of  virtual  vels.    See  Art  62,  p  47T. 

The  Screw  is  a  combination  or  leverage,  with  an  inclined  plane;  a  spiral  Inclined 
formed  by  the  threads  of  the  screw.  While  the  power  applied  to  the  lever  which  turns 
^vcs  around  an  entire  circle,  the  body  moves  only  the  diitt  between  the  centers  of  two 
1  since  in  all  mechanical  contrivances,  the  wt  Is  to  the  power  as  the  vel  of  the  power  is 
e  wt.  so  in  this  case,  theoretically,  the  wt  is  to  the  power,  as  the  entire  ciroomf  of  the 
t>ed  by  the  power,  is  to  the  dist  between  the  centers  of  two  threads ;  bnt  in  practice,  the 
le  screw  (which  under  heavy  loads  becomes  very  great)  has  also  to  be  overcome  by  the 
this  fact  makes  the  calculations  of  but  little  uae. 

nlley*  hUo,  when  a  fixed  one,  is  referab\e  to  \eTeT«LK«.  \tv  >Xi^  ^td.  \iTN«rs  K,"^\"\ 
no  gain  of  power;  for  here  the  diam  a  b  It  a  tever  oT  xwo  «<^\ia\  mtea.  \tNOw^\\i%'M««»»- 
J  the  center  of  the  pulley.    ConsequenUy,  tb«  wV  au4  VYkt  v*'**!  Yk.«s^  wsja^NRS^t"*.^** 
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I  Ubv*  u  f»r,  mil  tli«  wl.    tl  ■■  lmut«rllfwbl>ieTlhe  iwo  palleji  Id  LbBlawerUK^* 
plHnd«MftbDnihFaMisr,uahovD,Dr[u  uaii>l,  jtsd  mmv  iBit'BdIsriD  tUab/ ilda;  I 

IM  It,"™  pita-    In  OM  ««  1H>  kt^  f  bt  lul  rniB  nplkt  W  Fl»  IIV- 

-     lalUllbilliiiifliKUimlkiHn  i  I>  ■■■■ 

111  am  «  Ibi  pirt  •  l>  nitilHl  tailtatnH 

n|B[  iMwr  •Ulk.ptaMlT-nMrlH  (MM 

J.  i™m  J-.1^*.»,»rlC"r«n«ir.  * 

I    Vk.rof    \   n-T  /         frm,  nr  HltT  nlhrr  lilnd  Uijll  mv  jirt  14  an/ dtnoHD*  wU 
'  jl  »l)v.™>tT.)llllllM[fnr»li;^Blll1jlMll.rmiB**l^ 
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•  loadi  to  be  mlMd  woaM  Mi  in  4ira«tlou  oMlqM  to  tbe  dlreetion*  of  tk*  ro|M,  mi4 
prind pie  wobld  oome  Into  aMaa,    Bee  Bern  S,  Art  8S ;  aad  lu  foouoU,  p  482. 

e^lKe  to  a  kind  of  donUa  inoHMd  plaae,  (Art  00.)  and  to  •  rvrj  poweifal  iBMhise. 
I  M  it  to  luaallj  worked  bj  blows,  (be  effeet  of  which  ofurnot  be  oalcnlnted ;  taA  inae* 
teoredoal  aotloii  to  ill  praotioff  iotaXlj  ehaoged  bj  Mctton,  no  lerTioeable  raiea  —  *-- 
ngit. 

;  'Parallel  mroen  are  those  whose  directions,  as 

(whether  opposite  to  .one  aopther,  or  not;  or  whether 

i  pla'ile,  or  n«^)  are  parallel. '  In  Fig  53^  the  forces, 

iting  upon  one  plane,  o  o  o  o^  are  not  m  one  plane,  but 


:uliarity  of  parallel  forces  in  one  planf.^  that  all  their 
rerages  with  respect  to  any  given  point,  are  in  the 
ht  line.  Thus,  if  I,  m,  n.  o.  Fig  54,  be  all  supposed  to 
me  plane,  then  their  leverages  1>  9,  P  r,  |>  a,  about  the 
)  all  in  the  same  straight  Unepa. 


il  foroei  are  evidently  alwayi  In  the  lame  plane ;  that  to, 
.  turf  conld  coincide  with  both  of  tbeni ;  and  their  re- 
ttresultant  will  be  in  that  same  plane :  which  amonnti 
other  words,  that  if  S  parallel  forces  hold  each  other  in 
JiOjr  are  in  tlM  same  plane.    Bee  Bom  2,  page  4CS. 


B£53i 


Fio"  54- 


[ 


B 


••   The  resnltant  of  rnny  nnmber  of  parallel  forces, 

the  same  plane,  or  in  the  satne  ditecti.on;  or  not,  is  al^ay^  parallel  to 

hey  all  act  in  tbe  same  direction,  whether  in  the  same  plane  or  not,  their 

9  equal  in  amount  to  their  sum ;  or,  in  other  words,  an  autiresultant 

ent  to  balance  them,  must  be  eqiml  to  all 

idded  together.    But  if  they  are  in  oppo-  9 

ons.  their  resultant  will  be  equal  to  the 

It  those  which  act  in  one  direction,  and 

1  act  in  the  opposite  one :  and  its  direction 

t  of  the  greater  sum.    Thus,  in  Fig  633^ 

8  pointing  to  the  left  amount  to  10  tons.    -|>^'  p>r  • 

0  the  right  4  tons ;  then  the  resultant  will    XlO  O^ 
s  6  tons ;  and  it  will  point  to  the  left. 

1  vert  downward  forces  of  gravity,  upon  the  innn* 
rate  particles,  situated  in  tlie  infinite  number  of 
rt  planes,  in  any  body,  u  W.  Fig  66,  is  an  illustra- 
If  any  nuch  body  be  suspended  by  a  string  from  a 
e  R,  the  vert  upward  pull  of  the  string  will  balance 

all  these  innumerable  forces.  Consequently,  the 
•Dts  their  antiresultant.  which  is  equal  to  their  re> 
know  that  the  vert  pull  on  the  string,  as  shown  by  i 

lance,  is  equal  to  the  wt  of  tbe  body ;  which  wt  in  made  up  of  the  innnmerable  parallel 
uded  to.  ThuK  we  ree  that  when  any  nnmber  of  parallel  forces,  whether  in  the  same 
ict  in  the  same  direction,  their  antiresultant  is  parallel  to  them,  and  equal  to  their  nuni ; 
their  resultant  must  be  so  also.  The  same  principle  applies  to  paralld  forces  in  any 
tever. 

ly  thus  acted  on  by  gravity  Is  kept  at  rest,  or  balanced,  as  in  the  fig.  then  the  direction 
ht  or  nntlreniiltant.  or  of  the  vtring  in  the  fig,  pauses  through  a  certain  point,  called  the 
Htjf  of  the  body.  The  cen  of  grar  of  any  body  is  a  certain  point,  upon  which  when  acted 
itr  only,  the  body  will  balance  Itself,  in'whatever  position  it  may  be  placed ;  and  if  the 
rav  of  tbe  body  could  be  concentrated  into  that  single  point,  its  effect,  whether  regarded 
e  entire  rigid  body,  or  as  producing  strain  (pull  or  push)  between  it  and  another  rigid 
remain  precisely  the  same  as  it  actually  is  with  the  grav  diffused  throughout  the  entire 


odies  the  cen  of  crav  is  also  the  center  of  the  wt  of  the 
ry  frequently  this  is  not  the  case.  Thns,  in  a  body 
.  with  its  cen  of  grav  at  c,  there  is  more  wt  on  the  side 
ho  side  c  b. 

',  PIr  55.  suspended  freely  from  any  point  n.  Is  at  rest, 
,•  is  directly  nnd«»r  said  point.    If  tbe  body  W  be  pushed  ^  , 
side,  and  then  left  to  itself,  it  will  plsinlr  tend  of  Itself  9^i 
k  to  its  fi^•'^  posf  Cinn ;  and  when  this  la  the  caw,  \t  \% 
0tnhle.  eqaiUbrfnm.    But  If  the  hodr.  Instead  of  Yve\nft 
fwlancrdnn  top  of  a  slfm  rod,  and  if  we  then  pn»>a  U 
i-iiiwrl'  ""' '«"''  f*"  return,  but  will  faW  over;  aaQl 
alilMom  of»  body  so  balaooed  is  said  lobe  umtoUs. 

9  81 
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^^^^\ 


■.H  10  iDiulnLni  |*rU  c I,  tcit  riix.  nob  Hnuliel  iqul u  ^,  4.  ^  -XiTtlicvllI 
pfliwwaaldklH  iHlq  tba  umt  prDpartima  la  tliH  ^:  Id  DLhn-wnrdi,  to  fiirf  ihS  Uiwi 
ufdv  ar  Lbfl  power  u  IbH  wi.  djvids  1  bribqDDHibvTDr  pw  ovf  caf  mm  vUeb  tfnd 
iUlo«c|ll«k.    ]■  ODr  S(  11  lj  u.    TbiT unA  niD iiiilla  IK  rif  UV. 

'3  HpraclvloWrb^byA,  wLiE  Iti  ■uwbed-vtvTini^tSiii 
■DtuJped  bj  (bfl  i-D  puU  *  tDd  0  dT  oqa  rapt  floamm 
pirttiHlitnlaiir^tb<iM,nr:i>m>i  MrTck  b  MfirSI 
bonk  1 ;  'rtille  ibu  in  Ibc  pui  •  !■  inUliiS^  HhImbS 


Kgs3iv§7  STSirSll;^sl:-Sr,^ 


fOBCB  nr  KKin)  bodies. 


miel  c 


r  of  pitnllcl  Dura  fn  sne  plonf,  tb 

Thin,  if  (.in,n.  n,  FigH,  besll  >qpwistd  to         TJ;^    ini 
tbosuueitndBlitlloi'jia.  ' 


m 


ml  maH  bi  is  ttm.  Its  umi  iiriddiili  ■FpllEi  Hi  pHmltl  rsrcti  In  inji 
_,j  on  »r  n»'Hi  !■  »5*  "  TT'iiT'^'"^  " 'n  ''!L?£i"S""'iiS"?" 
r)»<r.  T'worBiir>nr'>lu'rMibr>n£lspilEI.ipH>£vik>bHHHl 
Jia  bsd;  •III  Uluin  luMt,  In  •hiumr  c^Ilm  l1iiiTtoilBv4;n4  It  Iba 
ibndvamildbvgBBfmlrutdlnlBlkBlHr-' ^-  ■—-*-'  -k—i. .-■ 
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If  in  Ihii  HUne  plane.    Snv  ikDy  Ittalglit  It 


ia«(<UidrnadlIu(l/',l>pplle{>t/     BnArlU.  ^ 


P.nJB 


ff'^^'**^'^"""""'  ™"'"'"'' ' 


■tt^lbiHirtiMl  tcp  a  rigid  bndy  En  Di>pofl{led]rfrclL4tnH,bqt  not 
^-^TH.  itnUgHt  lino.irenillecfamiipfc.    The/orwof* 

tplii.   ir  nncf  or  tho^fuW'a'be  muU  bj  lUta  irm,  t^B 

. ..  .. jp^  [J,  (j^t-BBi,  te.    A  coapio  li,— 

■B  body  IBrwiinl  )n  tlio  dirBctli 

GArw°ipirr"tflir>l^7Lini>l)umL!lium.    ^ 
K*.  Anjimmlicro(ninillelfcnM,nhe(bor 
HIOD.  or  U.>I.    The  |,r>ii:su  In  thl>  cue  imnlll 
I.  Hgi.7.a.("ltowH. 


W'MMplij.   ir  nne  of  tho  furcea  be  mult  by  ilila  irm,  thB  -ei.  .  ea  i 

ft  Oh  nnnmil  or  Ihg  matile,  Id  ftKit-nM,  £e.    A  coapio  hu  Il£  59 

'     Jjrto  mow  Iha  ™urB  body  IdntiinUn  tlio  dirBctlon 

;  o,  buir-iimr  bow 
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ng  tbe  reraltaDt  of  the  three  fbroee  a,  &,  e;  ■ad  ff  Is  the  eea  of  ftarse  «f 

U  the  point  of  applioatiou  of  their  reenltant.    Bo  do  with  may  Biuab«r  ia  Um  ■■■■•  ttnada.'  Vik 

Eroceed  in  the  »vno  manner  with  thoaa  which  point  1b  Um  opposiM  diivatliw.  Mat«,«r;ifl 
aring  fonnd  thtir  rcialunt,  find  bj  Caee  S,  tlM  retnltaator  (ha  two  rasultaat  ftraH,  mtm  ekIiW 
in  oppoatte  diructlone. 

It  is  not  at  all  neeeenarr  that  the  forees  he  snppoaed  to  net  apoa  a  plane  tarf,  aa  ia  Fig  ■}  tti  |» 
oest  i«  preolMlj  the  name  when,  aa  in  Fig 61,  ther  are  imparted  at  polnta  a,  y.  Jit  aot  la  thiMM 

Slaae.    Thin  ii*  a  coneequenoe  of  the  priaeiple  laid  dnwa  ia  Art  18,  Fig  5 ;  aaaielr,  dutt  ihedNl  p» 
uoed  upon  a  rigid  body  by  an  imparted  fttree.  reiaaine  the  aaaie,  ao  matter  at  what yslateClfea mf 
it  be  Imparted,  so  long  ai  that  point  i»  te  Me  Uae  of  tkt  ^recKoia  ^ikatSvmu 


TR 


TTstfeo 


Althongh  Flga  60  and  61  serve  to  illustrate  the  prlaolple,  they  plainij  do  not  glTO  Um . 

tlons  of  the  foroefl  and  resultant;  becauM  they  are  neoessarilj  drawn  la  a  kind  of  penpaodMi* 
that  all  the  parts  cannot  be  measd  by  a  scale.  The  amount*  of  the  resaltaats  are  caaUj  koal  If 
ealottlatton ;  inasniuoh  as  they  are  equal  to  the  sums  of  the  foroee. 


The  points  for  imparting  them  ean  be  fbond  eonaolfy  tm 
a  drawing  (n  plan,  like  Fig  63:  where  the  stare  repwesal  >f 
scale  the  actual  dtsts  apart  of  the  direetions  of  the  ~ 


The  quantW—  of  the  forces,  instead  of  being  shown  bj  iliiii 
are  to  be  written  in  fignres,  as  shown  ia  the  fig.  Tlili  bllH 
done,  it  ia  easy  to  find  the  polnta  e,  f,  te,  of  Um  moUtaUb 


Art.  60.    The  Inclined  Plane  if  a  rigid  straight  plane  sarf,  as  a  ft,  Hg 

63,  uot  lior.  If  a  vurt  line  6  c  be  drawn  from  the  top  h  of  the  plane,  to  meet  a  hat 
line  ac,  drawn  from  itd  bottom  a,  then  6c  ia  called  the  heigfU  of  the  pUiie;  «c  iti 
bast ;  and  a  b  its  Ungth.  The  angle  6  a  c,  which  the  plane  forms  with  the  hor  Um 
a  c,  is  called  ita  inclinaiion^  tlopt^  or  steepness ;  which,  however,  is  freqnently  ez' 

pressed  also  by  the  proportion  wliidi  the 
base  bears  to  the  height ;  thoa,  if  the  length 
ae  of  tbe  base  be  1, 1^  2,  kc,  times  that  of 
the  height  6  c,  the  inclination  or  slops  ii 
said  to  be  I  to  1, 1^  to  1, 2  to  1,  Ac.  The 
angle  6  a  c  is  the  angu  qf  inclinatum  <tf  the 
plane. 

It  follows  from  Arts  U,  57.  that  when  oaa  rfgii 

body  aa  N  or  M.  Fig  63,  is  plaoed  loosely  apen  aa- 
other,  as  upon  tbe  rigid  plane  mb,  the  elfcet  prodaeil 
by  its  wt  is  the  name  as  if  all  that  wt  were  eeoen- 
trated  at  its  oen  of  grar  0.  and  acted  in  the  dlrewka 
of  a  vert  line  g  v  drawn  through  said  oenter.  WhM 
we  assume  the  wt  to  be  thus  ooneentraMl  at  lite 
point  g.  we  most  remember  that  all  etter  partt «/ 
the  body  mutt  b4  coasidered  to  bo  wUkomI  *s^; 


IV63 


nJtboagh  still  retaining  their  inherent  eobeiWe  toroe,  ot  avr«n«\.Vi. 
ir,  oa  la  N,  th\»  "^"  * 

paaaet  beyond,  or  > 

force,  ia  tbe  direction 

X^/cl/fi  the  body  M.  the  line  g  v  faU.  T*^^^  «^ll*^*  ^2*o^iS'^^SR*i^ 
•re  (Art  19}  •  force  gv  equal  to  the  wt  ot  the  tooA j ,  Mk«>  aVV>^^  o\A\qf>avi  vk^x^va.^^ 


vc't  Hue  ff  ♦.  which  now  reptewnt*  vYie  d.\T*«,\«n  «»1  >^a  «kA*%  w\  <<  tke  M?i 
outside  of  the  baae.  the  body  mnat  taW;  ^^cy^^fe^"^^*  T^ _^*^ ^'^^^  ■^g*^^ 
tion  ty,  to  react  against  If,  anA  tbu%  pteveut  V>.  Itota  vt«&>ui^a%w«lteia.  ltafc\fc 


%V 


FOECB  IN  KICIO   BODIES. 


U  EiUri  m  il  lit  Udf, (lu tUIeuiM  io  ill ^slDt, uo' •hni?aiuui|"(!ni°^i'/>i  iin^ 
Oiuilli  1  Unl  °»  tH;^^^  idDniini  <i*Id  nlllf'DDlhliii  b'l  M^.'^ta 


J  putDD  DiA]'  culli  du  ihli  for  lil'niHir.  thn^  A  btidi  a  », rin  VS,  1> 
wi  tbe  pinue  luif  «  h  i  of  nlitob  opo  *ud.iu  1,  )■  gnduiri  nlnd  nnlll  lli> 

Am  A'Sone  I>urit|r KTiuf  In  lAi JWei  nod  tb» Bngle bar, irblch  tliBplus llicn 
th  Ihfhor  a  c.  Uullisil  Uie  mfltaffricUm.oTlivintfgaiii/I'V'rai'UII"', 
f -relate,  far  ihs  pHilcuIiir  kind  of  alirf  nptrliiiBnUd  an. 

■  MUHHrnmininiil.  Ii  In  lu  hor  liHe  aa    Ttut  It,  •!  lli  »IbI  oy  rllfMiiH  Vlh- 

>l][  taiilDi  U  illiii.  msMun  i  n  bar,  u>d  icieiii  aif  Iki  lutt;  Ibi  Int.  isd  lb>  qui 

I  inponMrli  iilM  die  ei-^iw  jf/nan-  Ike  Unni  bodlni  nubViif  •Blat>inka 

■I  Ika  (bm  «  r,  utd  brfffem  h  fmu  Din«laj(  tha  tmlv  drvn  tira  ^bdh,  Orir  Ael»ph 
llAHbBHbiD  bjriflBle  u  npHPCDt  Ui  vlor  ■  bod;,  ibcD  AJ,  dnvq  rnmb,  lanHlfla 

iK  ir  Oh  l<netli  PI  B,  Mg  «SK:  of  .n  locUud  plane,  be  taltfn  by  ■  fml*, 
ne  tfas  irt  iu  Ibii.  tani.  Ac.  oT  ui)  bmly  pLaced  upun  It  i  Ibea  Ibe  but  s* 

irtiltli  the  bully  imparu  Id  theintf  of         ..m 

f  (bi»  "'Allrfh'."™"  w?»bk!iru.nd;   i'^r^-^vjcf 

-Mil  1.1.       ir  Ihn    nna  nu    !,•  ninll  hr       7"  ^<L- 


if  Trie,  the  prod  vEII  plkiDlT  ht 
l..f  MrlnBNhlD.    Iftbomc 


tR«  n  i>,  Ibcn  lh«  body  nlll  nmttln  it  -n.     ~  ™  I 

,b*  plua;  1"ll  ir  leu,  then  •lidiof  or  ^n  g^g 

■I  nf  ftirw  wbliJi  »(««.  or  fc»fiii  Iba 

rill  bi  etu^  to  'ho  >>«"■  or  o  n  O'er  tit  trie. 
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E-Mn  lh>  lunla  1 1  •  li  DD  1B>  <tm  UU  ililc  of  •  i,  u  Ig  ib<  Ii,  ib>  mdHai  tt  ikf  telf  vOiri. 
■n.  1.  trUH  UmllOg  or  the  Tvnlumio,  nrlhl  polltl  fUll  n»(il<  tf  lUbuilhlklt^ 


'lI»«;uiri(«.Ar 


Iran  w'lrrl.  ta,  u>  Mi  iIhi  W  dqvadid  «  u  pnnu  lUllBt.  <M  » 
nIHBl  u>ie.c>.oi>.*o.«(ii11Iki  bnn  uUsi  u  ufjiilu.  «"■ 


r^m 


Il>lr  >Mlll  Jm.  U  It  ri^>  U(I^'h  iL  •i>rr'°  Ib^bTT— 


ID  iDkoii  tti  MtHlltbidniM 


Kg.70 


"■    t»  jraa'.3ll°tS5™"i«'!llr.nooio.EilUB|il»in.    Bdiiid?!!I|Lmii 


Arl.««.    nMMIItr.    Th«»Inbn»ynf.irtructiir«,orofanybody,ri,ftrfc* 

■pMkini;,  IlinC  nitfuliuics  wlikh  ilawdilniia  enablra  tlt»<i|.po»  «(r»lnii  Biran  t»«- 

lug  If  uhsppi  ilH  [luslIlDn.    Buuli  tciii««nco  msj  bn  swiRnd  hy  eiininmu  wO.  tw 

hr  otiiee  forctt  tiruiH'rly  anpUrd:  biitunch  ihihI  L-b  lUMlniulihi^l  from  thsHkldllV 

li'ib-p-ntSa  llie  Blrm'hin  oflioitT  iUwU.   1o  ^mnn  «>■  lUMUt^  of  i.  alntctEri,  Ai 

dltpotltion  cpf  Knnartu,  M»pUi««iato(l\ii!om\»mM»,n.ii«.\« 

of  (ftpmiihj.llmm^fllthprby  tli«no,orM'™^r^>'''™>'* 

PoMB-J  fi.TO...     Btalilllty  1»  ih<T»toTet,\mB=liolW*S™\<«<A' 

•aof/rDriuni  Willi  each  otlief,  Artl&,pU\. 


"^  FORCE  IS   BIGID  BODIES. 

Ity  mnat  net  be  eon  (band  ed  wltb  atreBKlb. 


l»li.*W5r-.°biti«°lOTiWron™,   fei  Beirut  s.aJI^J'w      '"'"• 


••aXtmfic 


B.  Sines  Iho  itkblllt;  of  s  atrneion.  wiuldiTiid  iiHirt  IWini  lU  tiinnd*- 
■u  entfnl}'  iu  Uis  RaiatMce  wlilrl)  lu  nnmJ  iMrCK,  u  wpll  hi  the  cNilra 
pFOBCDtnsnliiBt  Ivtfa  BlLdiQg  Hhd  oTArtum'lfla,  It  fcltovH  I1ml  Iwopnun- 
idy  ndrn-ced  ra  fn  |ireTion»  ^rtLcleB.  rnuBI  bo  resorted  10.  NflmslXk  iBt* 
diiV.  ve  mutt  ulm  ive  thit  lbs  nnilliipt  oT  ijl  Ilia  fuma  nctiui  ainii 
flBcludlng  thKt  iMWsen  Ihs  iia»  and  tl»  foimdiittDD,)  iIibI)  ■01  t&het  it 
nlaflnldJiilni^Mkas  tn  be  entirely  lDi]iHrt«l  1Dltuitrmln,1rniBorpnll,) 
I  part  iiDR*Iit«i1  t4i  fend  tt>  pTiid^iCH  mtiUfiv :  nr  piKfl  tJMl  II  hboll  not  d^ 
H  rtKbt  nD^lei  tg  a  gn^nttr  extent  Ihna  the  AUKle  of  fric  coTreepimdinr  to 
III*  vUchcnnniiHths Joint!  an  tliHt  the  porlJOQ  oT  It  wlilch  la  nut  Iiii- 
n^tjlngln,  ahsll  be  naistiid  bj  Mellon;  and  Ihni  br  pn-TenUd  l^on 

I  jDliiu,  reuii  BUI  U  kid  u  lk>  SBhirin 


UtM-famlrahtn.  ■apb  v  boJL>»  >p1k 


itlBanr  ihBAtreDKLhef  Tbe  noriar,  and  rtlj  fOT  tlmM^IIj  4Ukfl;  Hj»0D  pluCbf  iha  Jilvb 

IreamHon,  le  thst  oiwriiil  mrrlinTiine !  where  w*  »o«t  IRk*  eiiii*!  on 
mlluit  of  all  tbe  nrnei  erllDg  npon  snyelngls  part,  (iriipnn  IhavbDli 
■ball  fill  tuas.n  the  baie-inlnt  .iMbal  ptrt.orwMe.  f 01' Remark,  Art 
1,-Bawiu-kl,  A«a4;  Bemuk,  Art  «*i  BeniBrkS,  Art  72, 
B.  Moment  oT  ■twHllltr.  We  bwe  alrenily  aloloit  (ses  Art.  41 
H  llio  reelitunce  which  aiiir  rielil  h,  ■         "  -  -       -  - 


■-a  J«  (cenefBlly  Cftlirt  «■     ...  \atww"- 


£ 


.    In  anlpr  to  nsrrrtiilii  thp  ofi^t  of  dliT  foreei  to 
ellher  Hlldlnic.  or  overlnrnlnir,  of  eUbfr  nn  tntire  ri^l 

)  roDipiiflpd,  tliHe  jnrtAArB 
ItulBvlTrufJLy  bnt  a  ifnglB 

"T  Tt  The  direcUorrfihlVnaniunt  Mrikfii  in'id:  at  till  bmw, 
■Citrn;  ■ce  Rriunrk  2.  it rt  72 ;  uid  ir.liMidti  ttriklug  fnilde  of 
liBHnijii,atnjlilanslp>Iolhobaio,Bii>iigl8nfci.l«wUi»o 


r  nmnl  rigid  bndia,  merely  plHced  toRellicr  vllliout  Juliil-f«ni<  niiii:*  <>r 
UBhu  cmnpibDlM-mnrhir,  4o;  bill  de|iBiidlng  nnllrtlj'  n|»iii  llj.ir  uI 
Bi,  fur  Kounng  their  lUbnily.    Tb«  pracon  in  tbl>  cui"  i-  Hi-  •«ini>  »■ 

:  il  ta  have  icv-inL  Jolntt,  m  P  K,  F  L,  W  X  *c,  Fig  76;  Rod  then  PMinliit 
wU of  lh< Klnnl'iurK  N  M  P Z,°N  M  FiTn mV X,  nalliig nn  Ibtm. 
HJT  be  one  hnir  of  it  atone  archi  ar  ntber  ■  vert  ilW  of 
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flRMII 


dr»wl(,  mtritbtuglM  to  the  point  PZ;  andnouore  tb«aa|4o«<t,  vUA  tko 
with  it.    Ttali,  we  find,  ii  greater  than  S2°;  that  in.  it  ezceedt  tb«  anglo  of  Me  beli 
dreaaad  Mone.    Therefore,  the  part  N  M  P  Z  muet  alid»  along  the  Joint  P  Z.    This  alikt  pMAbll 
prevented  by  good  mortar,  if  time  be  allowed  it  to  eoUdifj  properlj,  before  the  enien  m  ■mm  ■ 


Eg  75     R 


to. 
\vd 

hi 

m 

Itr'jg 


as  to  bring  the  pre>  of  the  areb  upon  the  abnt;  or  by  Iron  orampe,  atone  Jogiries,  to;  tati 
expeoHive.  The  most  obviouii  remedy,  as  well  as  the  least  expensive,  is  sioplv  to  iuoHne  the] 
P  Z  into  a  dlreotioii  somewhat  like  from  R  to  Z :  so  as  to  receive  the  pres  of  the  resultant  or  ■>■ 
nearly  at  rixbt  augleit ;  at  least  so  nearly  as  to  he  Tairly  within  the  limits  of  the  ansfle  of  frte.  If  All 
14  done.  ttaMlittf  is  secured  :  for  the  part  N  M  PZ.  being  now  safe  against  both  sliding  and  ovenm* 
ing.  can  move  in  no  other  way ;  unless  the  strerufth  of  the  stone  oompoiring  the  maaonry  is  inanflfllMl 
to  bear  the  pre.i.  ami  may  therefore  erush  to  pieoes  under  it.  But  this  la  a  question  of  Streaglkflf 
Slateriiil.4.  See  Remark  2.  Art  Hj.  The  point  i,  of  Fig  75,  oomes  mooh  nearer  to  Z  thas  woddll 
desirable  in  practice ;  for  it  might  oauiw  crushing  at  Z.     See  Rem  2.  following. 

H  kVing  thus  provided  for  both  the  sliding  and  the  overturning  stability  of  the  abut  as  tkr  downM 
the  Joint  P  Z.  we  will  now  examine  as  far  down  as  the  Joint  F  L.  Taking  the  entire  put  KXf  Laf 
the  shut.  We  flr.it  And  itd  weight,  say  25  tons;  and  this  we  assume  tn  act  at  Its  oen  of  grav  K,  aadil 
the  vert  'lirpction  t7  K  /.  The  amount  and  direction  of  the  thrust  of  the  arch  at  o,  of  oonrse,  riiwill 
a4  bcFore.  Therernre.  from  the  point  v,  where  the  two  directions  meet,  lay  oiT  v«  to  leprtient  H 
before  the  30  tons  thrust  of  the  arch ;  and  vl,  the  '25  tons  wt  of  the  abut.  Complete  the  parmlklagnB 
of  forces  veal.  Hnd  draw  its diag  v « ;  which,  measd  by  the  same  scale,  will  give  the  reanltant of  aB 
the  rorcei«  acting  upon  the  part  N  M  F  L.  Now  we  see  that  the  direction  of  this  moltant  doet  M( 
fall  within  the  hnse  F  L ;  but.  on  the  contrary,  passes  oat  of  the  body  at^;  ootside  of  which  ll  meitf 
no  force  tn  resist  it.  Consequently.  (Remark,  Art  65.)  since  this  resultant  must  be  onnsidered  as  sa 
only  force  acting  upon  an  inert  body  or  abut.  N  31  F  L,  without  w(.  (Art  86.)  that  body  mast  afiMl 
around  the  point  L;  or  around  the  nearest  joint  in  the  masonrv  between  L  and^;  and  eannot  eon- 
tinue  to  ittand  of  itself,  uiilens  its  base  be  ^ove^.  It  is  true  that  br  placing  earth  brhind  it.  esfO- 
oially  if  well  compacted  by  ramming,  the  aUht  of  a  small  arch  might  be  made  to  stand  mMfvna 
npon  the  base  W  X  ;  and  in  the  case  of  arches  of  moderate  spans,  thli  aid  mav  be  rctmrtM  In  fcr 
strengthening  the  abuts,  when  there  is  no  danger  that  the  earth  may  be  waahed  away  bj  Hoeik  tf 
rains,  and  thus  expose  them  to  ruin  ;  and  this  is  generally  and  properly  done. 

Rrm.  1 .  If  in  the  same  manner  that  the  point  i  was  found  in  the  Joint  P  Z.  others  between  Pint 
WX  he  determined  also:  then  a  curve,  commencing  at  the  skewbsck  o.  and  drawn  tbmni^  tkCM, 
will  represent  the  line  of  pritagure$  of  the  arch  through  the  abut:  or  the  varying  ourved  rranitantof 
the  forces  acting  upon  the  body;  see  Fig  7.  By  mean^  of  such  a  line  we  see  at  onoe  where,  sad 
t4)  what  extent,  the  Joints  should  be  inclined,  so' as  to  cross  it  st  right  angles,  or  nearly  so.  Is  Pk 
75.  Mich  points  eviduntlv  cannot  be  determined  far  below  the  Joint  PZ,  beoause  the  line  passes  «■(■ 
the  body,  and  does  not  fnterseet  the  lower  Joints. 

Rrm.  2.    The  line  of  pres  enables  ns  to  detormine  anothor  very  impnrUnt  point  ennneoled  with  Iks 

ttahlUtv  of  a  stnicturc.     It  is  not  stifflcipnt  in  practice  that  this  line  should  strike  nserafg  ssilUn  IhS 

hnw:  ii  mant  utrike  at  a  cnnnid^rahle  din  wUhin.    If  the  structure  and  lis  fonndatloa  were  •Us- 

Itttefi/  n'l/ifi.  no  ihnt  no  conc«*ivHhl(»  forre  o.o«)i\  \w>n<V  or  >sTeKte.  Wv«Tiv,  X.\\V»  '•nxAd,  not  be  neoessary ;  bat 

nil  mHttf'riH}H  tire  mnn'  or  Ip's  weak,  so  that  \T  gr««w\  pTwsurcn  cotaa  Vwo  ^«vc  \n>>vtN't«S«»,^9MM  il 
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01  vr  mil- li  cufvfi  •i'nUt  tin  oiM-lnhnaurSif«rlu,mIlMiH.grfl;-itliES  ;  hiUiiMUiI 
lUralli,  tmuUli  (kl  slUllpiU^  B-m,     BHk  !«■  IBlShMSf  >•  tlHWt  nTlbl  In],:  ul  iM 

Kor  iHlln.ii  ui  Fli  1.  Hibnliud  kHr  ■.  m'it>lii|hi>Bi 

-p.     .   TBI  ih.  Dniirlfu.1  fcrMi  >  Mnc  tlH  «■  or  inv  of  Ibn  e.Urr  tJ^S 
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nortar,  to  bT  tjtrintUng  the  kwM  lanp.  or  grmiDd  Ume.  with  nbost  ^  is  M>  bj  trial,  of  Ita 
of  waiter,  uu'tl  tiiuu  ouveriug  it  wiik  s»utl.    Wmer  utaould  uut  be  added  after  the  lime  begiiti 

Art.  3.   Brickfi*  In  Kntelund,  tlio  sizo  uf  bricks  U  fixed  by  law;  and  t 

should  be  the  osim  la  thia  coautrj.  Fur  waut  of  Kuoh  a  pruviaiou,  groM  fraud*  are  penictn 
periona  are  aware  of  the  lota  they  tiutain  io  purchasing  sniall  bricks  ;  not  onljr  u  the  fai 
also  ia  the  lay iofC  by  the  thouaaod :  and  in  the  iuorea«ed  quantity  of  mortar  required.  Ti 
standard  .-iie  it  HHX*HX  2*i  iuehei ;  which  gives  a  content  of  10b}i  eab  Ins ;  or  U  dnrb 
CMb  ft.  In  oar  Kastern  Sutes  a  couimon  sice  is  H>i4  X  4  X  2  Ins ;  making  M  oub  ins;  or  lei 
of  the  British  standard ;  or  a  British  one  oop^ins  more  than  1^  tJ.  S.  ottes. '  Bat  bricks  a 
«  X  3H  X  IH  are  not  unusaal ;  oonuining  only  52.4  cub  Ins.  One  of  fiUX*X  2  is  abo 
larger  than  this  last;  which  In  turn  is  precisely  half  as  large  as  the  BritisL  A  kood  haw 
brick  of  Mi|  X  4  X  2,  will  weigh  abont  *ii  Iba;  or  118  lbs  per  oub  ft ;  or  1.422S  tons  pereabi 
bricks  te  a  ton.    A  mac  bine- pressed  one  weighs  about  6  lbs.    If  immersed  la  waiter,  elthc 

will  in  a  few  minutes  absorb  from  ^  to  ^  lb  of  water;  the  last  being  aboat  -^  of  tbew 

hand-moolded  one :  or  H  ot  its  own  balk.    Sinee  the  weight  of  hardened  mortar  aTeracM 
less  than  that  of  good  common  briok,  we  may  for  ordinary  oalenlatlona  assume  thr  wcigl 
briekwork  at  1.4  tons  per  cnb  yard;  I.S  tons  per  perch  of  25  cob  ft:  or  116  fts  per  cul^ft; 
ehlne-moulded.  at  1.5C  tons  per  cub  yd ;  1.44  tons  per  perch ;  or  129  lbs  per  eub  ft. 

Allowing  for  the  aaual  waste  In  cutting  bricks  to  Bt  eomers,  Jambs,  Ac,  the  averafe  i 
8)^  X  4  X  2,  required  per  square  foot  of  wail  is  as  followa : 

Thickness  of  Wall.  Vo.  of  Brieka. 

9H  ins,  or  1  brick 14 

12H  "     orl.4"     21 

17      "     or2     "     28 

2\]i  '*     OT2}i"     3S 

25^  '•     orS     "    42 

As  a  nde  approximation,  a  bricklayer,  with  a  laborer  to  keep  film  supplied  with  mateiii 
eomnion  house  walla,  lar  on  an  average  about  150U  bricks  per  day  of  10  working  hours.  lu 
oncer  faces  of  back  bnlldlngs,  from  1000  to  1200 ;  in  good  ordinary  street  fronts,  UOO  to  1000 
very  Hnest  lower  story  faces  nsed  in  street  fronts,  f^m  l&O  to  300,  depending  on  the  uumbei 
Ac  In  iilaia  massive  engineeriug  work,  he  should  average  about  2000  per  daj,  or  4  cut 
ia  large  arohea,  about  1500,  or  3  cub  yds.r 

Since  bricks  shrink  about  -^j  part  of  each  dimension  in  drying  and  baming,  the  moaldi 

about  -w^j  part  larger  every  waj  thaa  the  burnt  brick  is  intended  to  be. 

Good  well-burnt  bricks  will  ring  when  two  are  struck  together. 

At  the  briek-jards  about  Philadelphia,  a  brick-moulder's  work  is  2333  bricks  per  day ;  o 
week.  He  is  axsisted  by  two  bojs,  one  of  whom  supplies  the  prepared  clay,  moulding 
water;  while  the  other  earrica  away  the  bricks  aa  ther  are  moulded;-  A  fourth  person  arn 
In  rows  for  drying.    About  ^  of  a  cord,  or  M  cub  ft  of  wood,  is  allowed  per  1000  for  bum 

PAVlnfC  with  brlek.     in  our  cities  this  is  done  over  a6-inoh  layer  of  gn 

should  be  free  from  clay,  and  well  consolidated.  With  brieka  of  8)4X4X2  ins,  with  juinu 
to  \i  Inch  wide,  a  sq  yard  requires,  flatwise,  im  ia  usual  in  streeU,  tfU  lu-icka ;  edgewise,  73 
lltf.  An  average  workman,  with  a  laborer  to  supply  the  bricks  and  gravel,  will  in  10  hours 
2090  bricks;  or  53  sq  yds  flat,  27  edgewise,  13  endwise.    When  docie,  saad  ia  brnshed  Into 

Art.  3.    The  eradliliiir  strenitrth  of  brlckH  of  course  varies  g 

rather  soft  one  will  crush  under  from  450  to  fiOO  lbs  (ler  nq  inch ;  or  about  30  to  40  tons  per  sq 
first>rate  machine-pressed  one  will  require  about  6*222  Iba  per  sq  iuch,  or  400  tons  per  ft.  1 
aboat  the  crushing  limit  of  the  best  sandstone;  ^  as  much  as  the  best  marbles  or  llraestoc 
as  much  as  the  best  granitea,  or  roofiug  slates.  But  masses  of  brickwork  crush  under  mu 
loads  than  Riugle  bricks.  In  some  English  experiments,  small  cubical  masses  only  9  inchi 
edge,  laid  in  cement,  crushed  under  27  to  40  tons  per  aq  ft.  Othera,  with  piers  9  ins  squai 
3  ins  high,  in  cement,  ouly  two  days  after  being  built,  requireil  4t  to  62  tons  per  sq  ft  to  o- 
Another,  of  pressed  brick,  in  best  Portland  cement,  is  said  to  have  withstood  202  tons  per 
with  common  lime  mortar  only  yi  as  much. 

It  must,  however,  be  remembered,  that  cracking  and  splitting  usually  commence  under 
half  the  crushing  loads.  To  be  safe,  the  load  should  not  exceed  ^  or  J^  of  the  crushini 
so  with  stone.  Moreover,  these  experiments  were  made  upon  low  masses;  but  the  strengtl 
with  the  proportion  of  the  height  to  the  thickness. 

The  pressure  at  the  base  of  a  brick  shot-tower  in  Baltimore,  216  foot  high,  is  estimated 

*  Air-slacking  (also  called  rpontaneout  slacking,)  Is  caused  by  the  gradual  absorption  o 

from  the  air  only:  and,  according  to  the  climate;  the  quality  of  the  lime;  and  whether  ii 

layers  or  in  heaps,  occupies  from  a  month  or  two,  to  more  than  a  year.    It  is  attended  by 

or  no  heating:  and  the  powder  occupies  much  lens  space  than  when  slacked  by  water.     Th 

inclined  to  attach  but  little  practical  importance  to  some  of  the  super-scientific  remarks 

tiona  given  by  authorities  on  morUr.     lie  has  slacked  fresh-burnt  lime  to  a  powder,  and 

mortar  of  a  portion  of  it  immediately.    Other  portions  he  has  allowed  to  remain  expo«od 

for  two  week* :  at  the  end  of  which  time  he  has  completely  drovmcd  it  in  water,  to  form  a  tk 

This  he  has  also  left  Ktanding  for  a  week,  stirring  it  occasionally,  until  the  water  had  era 

that  barely  enough  rpmained  for  forming  an  ordinary  mortar.     It  may  be  that  delicate  t 

have  shown  some  difference  between  the  mortars  of  this  lime,  and  those  made  immedl 

plucking;  hut  none  could  be  perceived  by  the  writer  in  breaking  them  by  hand;  or  tryini 

or  a  file  upon  rhem.     In  all  case^  be  found  bT\c)tAv»\.  Va  VmvTQ\«  \.Vi« mnTtar.   See  note  J  p  6 

t  PricoH  in  Philada  in  1873.     Bricks  &\o\ke-.  RnXuvcvti,  or  »«>Tx..^  \«t  \«».   ^^^.^ vevs^^  1 

^trefc/jer.<«,  (generally  used  for  the  tac\nK»  ot  back.  bu\\4\w%»,  *yi,^  IfcV^    V«.-^'OL^\iieaSa^^ 

(for  iower  Ktories  of 'flrst-class  fronts.^  S^V).  ,  „      . ...        -, 

Ur/cklavinir:  inclndin^  roortiiT  and  acaff«\<VVus-,  Meta.t^Tx%asi  w»»x*aw«aiasi»^'* 
prejsod  bricks  In  lirst-eUia  frouts,  (Va  to  $*2U. 


s  BniCllata  rod  «r  brickwork 


ork  I^KKcnlitat.ccllHtoSurt*;. 


perlmpniH  for  ronderlnc  brieic  miiBonr]'  ItnpvrvToBH  ti 


■hi  lor 'u  liuineil  u  Ink  plHtaru  lu^n- 
Ifi  du  wm  Btoad  »•  brUa  lAii  Mil  iD>*e|iirtteUT  '•>,  ud  Uwa  nnred  >i<k  ••ni  e 

■^ip^,  HWHCUIllhBIBHHSt  nBrn^klilUliariinl, 

■IHUli  mdmd  IbitirlikalMiiinilnbU  ub4h  Uh  prvaon  ar  «» fc  bHd. 

Enlrt'irtMlirtKliMiTlMkn  idii  mitefwH  «J(  rbi;  tl>.D~>  .bra-pUou  m 
I^W™w.     Jlk.*lli»HltWMBllri>.mUBm»inlnlfa»»- 
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On  top  of  tbfsaeoarMof  pr— eJ  hriek  w  UW  fl«twl—  io  hydrmalto  WMt  mirtw.  fcmhgat 

- - ■    dwitklips 


paviug  »Q(1  Hoor  of  the  bridge.    Tbis  Mpbalt  w»  the  Trinidmd  rmrlmtj ;  Mid  mma  mlSMd 

cvut.  by  nMasura,  of  iwal  t»r ;  and  :&  par  eaniaT  taad.    A  few  asparlawBU  far  Maltaf  Iha  Mnacik 

of  tliU  asphalt,  when  uaed  to  cement  brieka  to«(ctber,  men  aaada,  and  two  of  than  ara  gWca  Mo«. 

Six  briok«,  proMiNl  tognber  flatwUa,  wUb  aapbalt  joiuu.  wera.  afiar  Ijfia^  alx  ■amb^  biafeak 
The  Oiaunce  between  tbe  auppnrta  wa«  12  iua ;  braakiag  waigbt.  900  Iba ;  araa  af  af aglc  JataM»  IBM*! 
tun.     The  asphalt  adhered  »o  dtrongly  to  the  brick  a«  to  tear  awaj  tiM  aBrfaae  la  Ma^y  plaaHk 

Two  briekd  pressed  t«>geiber  eud  to  and,  ouiuaiitad  with  aaphatt,  wara,  afiar  Iflns  §  naalbai 


Tba  dittuncie  between  tha  supporia  was  10  iua ;  area  of  juiui.  bX  aq  Uw ;  Uraaklac  waight.  IK  li 
The  area  of  the  bridge  covered  with  asphalted  brick,  was  XMWS  sq  ft.      Thara  waa  aaadNJOiltrf 
anphnlt.  33  barrels  of  cual  tar,  10  cub  yds  of  saud.  IKMOO  bricks. 

The  liiue  occupied  was  lOtf  davs  of  luasoos,  aud  148  days  of  laborara.  Two  maaoua  aad  t«a  khM^ 
prs  will  melt  and  upread,  of  tbe'llrst  coat,  1660  sq  ft  per  day.  The  total  ooat  of  tbia  aant  irm  tM 
ecDtfl  per  sq  ft,  exclnsire  of  daty  on  aaphalt.  Tbera  were  thraa  groovaa,  Sl»a  wldafeyllnaiM 
made  entirely  aoroHS  the  brick  arch,  aud  immediately  uuder  tba  flrat  ooat  of  aaphalt*  tMliM§  m 
arcb  into  fonr  equal  parts.    These  grooves  were  flllad  with  elaatia  paint  oamrat. 

This  arrailgement  waa  Intended  to  guard  against  tbe  evil  efliBau  of  the  aontrmetioa  af  tbaanlk 
winter;  as  It  was  expected  to  yield  slightly  at  tbeaa  poiata,  and  at  no  aihar  point;  aaA  lh«  ttl 
elastic  eement  woald  prevent  any  leakage  there.  ■     ■ 

The  entire  experiment  has  proved  a  very  successful  one,  and  the  arch  haa  remained 
'la  proposing  tha  above  plan  fur  workiug  tbe  asphalt  with  tbe  briekwork,  tha  oljact  waa  ta 
depeuding  on  a  large  coatJuued  surfaoe  of  asphalt,  as  i«  usual  in  ooveriug  arches,  whiah  vanfti' 
queutly  cracks  from  the  greater  contraction  of  the  asphalt  than  that  of  the  mnaonry  with  wUaikli 
ill  contact;  tbe  extent  of  the  asphalt  on  this  work  being  only  about  one-qnarter  or  an  Ineh  ta  mA 
brick.    This  is  deemed  to  be  an  essential  element  in  the  anooesa  of  tbe  imparviona  aovertaff." 

A  cheap  and  etlbotive  prooess  fbr  preventing  the  percolation  of  water  throngh  the  arebaa  of  afM- 
ducts,  and  even  of  bridges,  is  a  great  desideratnm.  Many  expenaiw  triala  with  rpainona ae»psMii 
have  proved  failures.  Hydraulic  cement  appeant  to  merely  dlminiah  the  evil.  Mnoh  of  tba  tmHl 
Is  probably  due  to  erttbks  produoed  by  ehangea  of  teaperatare. 

Art.  4.  HydranllC  cements.  Certain  limestonea,  when  burnt.  wHI  nak  riMk 
with  water ;  but  when  the  burnt  stone  is  flnelv  ground,  and  made  into  a  paste,  it  poaaeaara  tktfi^ 
perty  of  hardening  under  water;  and  Is  therefore  called  h^drmdie  cement.  8o  long  aatbepiaf 
tion  of  those  ingredients  which  impart  hydraulioity,  is  so  small  that  the  burnt  stone  will  sla0k;kil 
siili  make  a  paste  or  a  mortar,  which  will  harden  under  water,  it  is  called  hjfdrauUc  Itme.  This  i$m 
not  harden  so  promptly,  or  to  so  great  a  degree,  as  the  cements.  Hydraulic  llmea  alack  meta  slswlr, 
and  swell  less,  in  proportion  to  their  hydrauliclty ;  some  requiring  many  houra.  ArtlBdal  hydruU 
limes  and  cements,' of  excellent  quality,  may  be  made  by  mixing  lime  and  day  thorough^  tombv; 
then  moulding  the  mixture  into  blocks  like  bricks;  which  are  first  dried,  then  burnt,  aadla^ 
ground.  The  celebrated  artiflcial  F]ngli.ih  Portland  cement,*  is  made  by  grinding  together  ia  wiMr 
chalk  and  clay.  Tbe  fine  particles  are  floated  away  to  other  Teasels,  and  idlowed  to  aettle  as  a  pam: 
which  Is  then  collected,  moulded,  dried,  burnt,  and  ground.t  Others  use  slacked  lime  and  dif, 
similarly  prepa'rieil;  the  proportions  with  different  clays  and  llmea,  varying  as  much  as  from  I  ■ 
ure  of  olay  to  5  of  lime,  to  1  of  lime  to  2  of  clay.     Whatever  may  be  the  required  proportion,  nitli 


■  access  will  depend  entirely  upon  a<«curtainiitg  by  trial  the  proper  degree  of  burning.    The  VM 

},  is  of  this  kind.  It  is  slow  setting,  and  becomes  yerr  hard  in  a  f 


cement,  much  o.-ted  in  Frauce,  is  of  this  kind.  It  is  slow  setting,  and  becomes  rerr  hard  in  a  few  i 

Almost  any  pure  gray  clay,  free  from  sand,  will  answer.  TriifMI,  and  PoXXaolAHSa 
found  in  many  countries,  consist  of  common  rocks  nitered  by  volcanic  boat.  Their  oompoaitioa,  m4 
coiMetjuently  their  hydraulio  properties,  vary  considerably.  They  require  no  burning,  but  grla^Ull 
only ;  ami  muitt  all  l^e  mixed  with  lime ;  without  which  thoy  are  useless.  Sand  also  is  generally  alM. 
When  they  are  of  good  quality,  equal  measures  of  tlie  powder,  lime,  and  aand,  make  an  nmVnH 
hydraulic  mortar. 

The  '*  Natural  Boulogne  Portland  cement."  of  the  French,  is  made  by  burning  and  grinding  a  paili 
made  from  a  peculiar  natural  mixed  deposit  of  lime  and  clay,  easy  to  excavate.  It  aets  slowly;  M 
thiit  it  may  be  made  into  mortar  for  several  hours  before  it  i.t  to  be  used ;  and  then  restirred. 

The  French  apply  the  name  of  cement  a,\M)  to  fine  dust  of  ground  bricks,  or  burnt  elay4  IMt 
trasri  and  pozzuolana,  it  mutt  be  mixed  with  lime;  while  other  cements  are  best  without  it;'althoagk 
it  U  often  expedient,  for  economy,  to  add  it.  Tbis  brickdunt  mortar  is  decidedly,  bnt  not  very  straagiy, 
hydraulic:  and  in  the  absence  of  better,  may  be  used  in  damp  situations ;  or' even  ia  wet  ooea,  atft* 
cially  if  a  day  or  two  be  allowed  it  to  harden  somewhat  before  the  water  is  admitted.     It  is  net.  be*' 

*  Price  of  Ifydranllc  cementn  per  barrel  in  Pbllada  In  18T3.  Frenoh,  SMsf* 
t  Co,  1001  Ifarket  St.  Philada,  are  large  dealers  in  both  foreign  and  American  oementa.  Kagllik 
Portland,  per  barrel  of  400  to  430  lbs  net,  $5  to  $7,  according  to  anantlty  ordered,  floetaatlaBS  k 
market,  ke.  English  Roman,  averages  about  350  Iba  net,  $4.50  to  «6.60.  Rosendale,  about  SOD  Bt 
net.  S'2  to  $2.25.  Goplay,  about  300  lbs  net,  $1.50  to  $2.  Tbe  ohoicest  English  Portland  b  kaewaM 
"heavy  best  tested.'^  J.  B.  White  it  Co;  Knight,  Bevan  it  IStarges,  *e;  are  %W  known  ■abat 
of  Eugllsh  Portland. 

t  The  writer's  own  experiments  induce  him  to  rpgard  fine  briekdott  as  a  rtrj  gned  aubatftata  Ikr 
hydraulic  cement  in  some  cases,  when  the  latter  is  not  procarahle.  Re  made  1  measaiv  oif  araaal 
quicklime  into  mortar,  with  5  rocaRnres  of  sand.  A  portion  of  this  was-  formed  Into  eake«  about  H 
inch  thick,  by  2  fn«  diam.  To  other  portions  were  added  very  various  proportions  nrhrickdast,  wllh 
water  cnongh  to  still  form  a  pa.<te  of  about  the  consistency  of  soft  putty.  Similar  eakes  were  Hadl 
or  the.se ;  and  after  bein;;  alloweil  to  dry  som«>what  for  two  days,  all  were  placed  under  water.  All 
tlioHe  containing  hrickdiMt.  (fradnslly  hnrdened.  At  the  end  of  a  month  it  waa  dililcnlt  to  break  tem» 
(it  them  with  the  Ongers :  aud  aft-er  being  immersed  4  months,  pieces  of  many  of  then,  94  Ineh  thM, 
bore  i;>00  lbs  per  sq  inch,  without  the  Kflghtest  crumbling,  crushing,  or  splitting.  Thoae  wMsat 
brirkdust  had  either  gone  to  pipcr>!<  in  the  water,  or  crumbled  with  perfect  eaae  between  tbe  flaaen. 
Much  bjrdraulic  cement  gives  worse  results  than  our  briokdust.    We  have  no  doubt  that  tbe  addllioa 

or  even  as  little  aa  yU  part  as  much  briokdust  as  sand,  \n  out  eommoTiTaQitu.ra,'«««ld  pntveat  that 
'li^integrntinnno  gf.nerHWy  seen  in  the  mortar  oT  m»»«nTy  »\oua<m«  v<iI^N»"««>»\i«A'^r*Sifla>ay 
di-emne  to  thnne  who  permit  it.  Experiments  a^iouYd \)a  m*4ft  %a  X» ^S«v*V« ' 
9r  tbe  proper  proportiouM  to  be  naed,  *c. 


_,  -.    SS5S 


lata  fbr  rvnderlns  kricb  miMoniT  Impervlom  l» 

TU]r>nlII>>>U>lU,uillOItLlili;  uul  UiBa^iohea  loUpBisnU)  hannft 


■•  taMTM  u  Ink  pin  iiTW  IM  kinr' 

t  i —  ..-t-i.-  -A-  ..-f.-  —  ^.^.-^...-..-j.  .-.  .^ ..  -■...  ■  ■ 

K,  ••  bakn  dliHHI.  ■><  viljikxi.  Tkii  iren  IMn  auUcoi^  la  ihi  pruwi 
MB twa I  ud.>nHnn>liliifaHAdsiitlHi|ltarUm>.tkvmuUaa 
( IbHdriBl.  ud>|>l>  Mial  >llk  Ua  mlH>  u«  mlilwl.mii*  hUibM  ta 
ol  Ihta  unll«  m  nrniM  deiII  IU  brloki  nen  finnil  nol  la  aUiib  uj  ' 
ibiMlMteUi  iBtanainliU  iilir  Ur^pieinn  gl  ID  tt  Mul, 
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relied  on.*  Geo  OiUmore  sajs :  "  We  infer  fron  the  foregolnf  nraltfl  tbat  ■  tbin  ]iutt  of  loMi 
eeiiieut  is  wiH-lbleiia  forooacnite  if  mixed  up  witli  mam-wmur;  while,  wlcli  tr—h  watar.  It  wlU  bu 
wiiun  iujeuted  under  water,  ettber  freab  or  Mtlt:  and  albrdi  a  meant  of  aubiuarlne  eiMUUiiatiPiM 
niav  be  of  great  raloe  under  certain  ciroumAianeefl."  tMt  aand  or  water  also  produea*  oa  tke  mm 
of  the  work,  efflorodccDued  of  either  nitre  (wkttpetre)  or  utner  iujurioiiii  •utMtaaceM. 

Theae  occur  indeed  verr  geuerally.  aud  to  au  iif}urioaa  extent,  even  wben  Um  aeaMBtispwi. 
mixed  with  frenb  water.  This  etfeut  ban  reeeived  the  technical  name  of  itMnjIcalioM ;  and  i»ci^ 
to  be  obeerved  on  the  faces  of  brickwork  in  oemeut;  partieularlj  when  expontid  to  the  salt  air 
the  Ilea.  Although  must  abundant  at  tlie  joiutu,  still  It  hrequeutlj  disfiKbren  seriously  the  cutiK 
face  of  brick  walls.  On  ma-tonrj,  es|»eciaUj  of  ver>-  hard  oompaot  stonea,  iu  bad  eSeeu  are  matik 
apparent,  and  more  ci>nAned  to  the  Joints.  Brieka  aud  porous  stones,  absorb  from  the  meru 
salts  which  produce  these  effloresueuoes,  and  therebjr  become  softened,  aud  disintegrated.  Tbd 
juri'iui  action  on  miisonrj  re^aiublos  strongly  tbat  of  frost.  Uen  Uillmore  states,  as  the  rssaU  i 
own  experiments,  the  important  fact,  that  they  may  probably  be  prevented  entirely,  by  mixing  wit 
cement,  lime  with  which  fat  has  l>e«n  incorporated  during  the  process  of  slacking.  The  prapor 
which  ho  suggesu,  are  8  to  10  lbs  of  the  fatty  sabataaoe,  to  100  lbs  of  quicklime,  aud  300  B«  0  bi 
of  dry  cement;  and  in  recomiuendation  of  thie  pruoeas,  he  adds:  "We  here  takeucosaioa  iwi 
eall  attention  to  the  fact  that  lime  paMte  may  be  added  to  oemeut  paste,  in  much  larger qnaniiilm 
is  usually  practised  in  important  works,  without  any  considerable  Ipsa  of  tensile  atrengilu-or  I 
ness.  There  is  no  material  diminution  of  strength  until  the  lime  paste  beoomea  nearly  cqsa)  u 
of  the  cement  paste;  and  it  may  be  used  within  tbat  limit  without  apprehension,  lUMler  the  mas 
favorable  cirenra.'ttnnces  in  which  mortars  can  he  placed."  The  lime,  as  before  stated,  shse: 
thoroughly  slaokeil  for  some  days  before  it  Is  added  to  tbeoepient;  and  when  nroeniable,  lieah-p 
quicklime  is  much  to  ite  preferred  to  lump  lime     Freezing  does  not  seem  to  unjare  oemmit. 

Protection  from  molntnrflw  eTcn  tbat-of  tho  air,  1b  very  ettiexitial  for 

preservation  of  oemeuts,  as  well  as  of  quicklime.  On  this  aceonnt  the  barrels  are  general^ 
with  stout  paper.  With  this  precaution,  nidRd  by  keeping  tiK  barrels  stored  in  a  dry  place,  r 
above  the  ground,  the  ecment,  although  it  may  require  more  time  to  sec,  will  not  otherwiiit 
appreciably  deteriorate  for  six  months;  bat  after  14  or  16  months.  Gfllniore  says  it  is  unfit  for  ■ 
important  works.  But  in  lumps,  kept  dry,  it  will  remain  good  for  2 or  3 years;  aud  m^  begr 
as  re«}uirod  for  use. 

UikmI  Portlaud  cement  is  stated  by  good  anthority  rather  to  improre  bj  tnt  ezpoMUV  to  It 
vnder  oover ;  but  whether  this  is  correct  or  not,  we  cannot  say. 

Restoration  by  rebiimlnir  may  be  effected.    Tf  the  injured  grooiM 

ment  is  spread  in  a  thin  layer,  on  a  red-hot  in>n  plate,  for  about  I&  minntes,  its  good  qualities  v 
in  a  «reat  measure  restored.  The  time  should  be  ascertained  by  trial.  If  it  has  been  aetaally 
ait'i  liimpv,  or  cemeut«<l  into  a  niaM,  it  should  first  be  broken  into  small  pieces,  and  then  groaw 
these  pieces  may  be  first  kiln-burnt  at  a  bright  red- heat  for  aboat  \}4  hours;  aiad  then  groosd. 

Art.  a.    For  ronji|rheRMtln|r«  or  stnccrang  the  ontside  of  walln,  Terr 

hydranlio  cements*  are  nt.  Mr.  Downing,  in  hi.^  work  on  "  Country  IloaHCK."  excepts  thatfyomn 
Connenticut.  as  the  only  one  within  his  extended  knowledge,  that  is  snttable.  Portland  ceim 
srM  to  be  giKNl  for  that  purpoHte.  A  wall  with  a  northern  exposure  in  Pbilada  was  coated  with 
IHUd;  and  appears  to  he  in  perfect  condition  in  Wtt. 

The  limestones  from  various  parts  of  the  State  of  !few  York,  whieh  fhmlsh  most  of  the  eemeiri 
in  the  United  States,  have  a  very  ftno  grain :  either  little  or  no  lustre:  a  great  variety  in  color 
vary  much  in  their  oompositioo ;  not  only  in  distant  localities,  but  even  in  the  same  quarry. 

Carbonic  acid 25  to  41  perctby  weight. 

Lime 25to40        " 

liagneiia l*ito22        '*  " 

Silica Oto'JS        "  " 

Alumina 2  7  to  19        ••  •• 

Peroxyd  of  iron I.I  to  3.3       •*  •• 

with  traces  of  bituminous  matter,  and  water.  In  Homc  the  iron  Is  absent.  Bflioa  and  sIomiB 
the  constituents  of  clay :  and  the  silica  is  u.'tually  considered  to  be  the  active  a«ent  in  prodadn 
hydraulic  property.  Common  qinirtz.  and  transparent  sand,  are  nearly  pure  xilica ;  hut  In  the  o 
ti'ou  of  separate  grains,  or  particles,  it  does  not  enter  chtmicMy  into  the  composition  of  eea 
even  wben  so  fonmi  in  the  limestone. 

B-ck,  in  his  *'  .Mineralogy  of  N.  York."  says,  the  Rosendale  limestones  are  broken  Into  plee<^  i 
the  size  of  a  list :  and  calcined  in  perpetual  kilns ;  in  altfirnato  thin  layers  with  finely  bmki 
«cn>cning.s  of  anthr.ioite.    The  lime  is  drawn  flrom  the  kiln  at  intervals  of  12  boors;  each 
havmi?  been  cnlnine<l  about  3  days.    Gillmore  says  that  about  35  lbs  of  anthracite  are  require 
barrel  (SCO  lbs)  of  cement. 

Cement  mortftr.    If  1  moasnrp,  sTiphtly  compnctod  by  nbalcin^,  of  ^n 

rt»met»t,  be  mixed  with  about  i^  of  a  moasuro  of  water,  it  forms  about  *i  of  a  measnre  of  pas 
Ci>r  mortar,  by  itself.  Pi>rfectly  fresh  cements  retiuire  a  little  more  water  than  old :  and  cements 
atuonii  themselves  as  to  the  proper  quantity  of  water.  If  sand  is  to  be  a<1ded.  more  water  will  of  e 
be  nce<]e<i ;  but  this  should  be  addeil  in  very  sninll  quantities,  as  tho  mixing  or  teraperins  got 
;nn-<muoh  n*  a  much  less  quantity  is  requin^i  thrtrk  would  at  first  siicht  be  supposetl.  So  also,  o 
ndiition  of  '.ime.  As  lM>fore  remarked,  the  pure  clement  is  ntronger  without  any  addition  wha 
of  cither  lime  or  sand;  ntill,  it  will  he  quite  stronR  enoni{h  for  most  onlinarv  pnrposex.  expe 
when  not  exposed  to  water,  even  with  con.sMernble  additions  of  both.  But  if  it  in  to  he  ex|>o" 
absolute  contact  with  water.  lime  shonM  be  sdiliHl  but  sparingly,  if  at  all.  in  the  ooter  joints.  ^ 
the  sHod  is  iu  the  proportion  of  1  or  more  measures,  to  I  of  ct>ment,  the  bulk  of  mixed  mortar  « 
ahont  ■»ijnnl  to,  or  a  trifle  los*  than  that  of  the  drr  nand  alone. 
The  cement  mortar  of  the  Croton  Aqnetluet  of  Vew  York,  was  a.s  follows : 

*  R"cent  experiments  in  Prnosia.  »howe<\  tbat.  »ea-wa\*T  an*w^T««\  «ATn\r«MV^  Tut  vnoA  vm 

-t.so.  thnt  rfrtnln  cements  which  set  rHpid\x  wUh  iM»awftX«T.KT\eTWKT<VTsK\ w» v^«a»'w\«ft>Jw 

F.j.i-watT  for  a   few  hours.     Mon  of  the  oements  exvertTnenT*^  w\\\v  w*t«  tovvvAXft-^atoXts^ 

ash..s,  *.JrtT.  „nd    *c      Woull  it   not  he.  we\\  Tor  hoT\oTHr*\*  wv'^wxTkpvvwv*  \»  v««»\>«^ ««%«« 

wbicb  tho  puritj  of  their  cement  cou\d  toe  aawrutttieAXv^  tbe  v>^'<»*»«^ 
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For  th«  Mdi  iulde  llatns  of  th«  ■qwedant,  1  SMasure  oemcDC  powder;  t  ■Muuret  mdo. 
r vr  Um  MOM  bMkiag 1       •'  '•  "  8       •' 

Whnn  Bi«fftar  to  (o  be  cxpoMdi  bo  dmaipaoM  only,  we  maj  nae,  oemeat  1,  quickiime  1,  «and  4  ( 

■  l&uM  sboutd  be  UionMifbiy  sleeked,  before  it  la  added. 

(^amndtjr  reqolred.  A  barrel  of  cement,  900  Ibe ;  aud  2  l^arrols  of  sani) 
euvle,  or  l^i  cub  ft;)  odJUtd  wiUi  about  H  a  barrel  of  water,  wlU  uake  about  b  cub  ft  of  oioi 
Ihilffnit  ftfr 

192  Ml  ft  of  mortar-joiut  14  inch  thick. 

g>j^    <4  «  4t  44  1^        at  44 
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r,  %o  tav  1  oabk  jard,  or  iti  brlcka  of  6)4  by  4,  by  3  ins,  with  Joints  %  tnoh  thick :  or  a  ouMe : 
roMgbly  sealibhid  rubble  aioaewurk.    The  quauUiy  of  saud  may  be  Uioreaaed,  hvwever,  to  3* 
wmMmrra  tor  onltuary  work. 

■"•IntlUK  UivrtMr.  Gen  Gilliuore  r«ci>ninicndii  ''1  part  by  w^if/hl  of  k 
lanaK  pew«iM>,  to  :i  nr  «M  P«ru  of  sand.  To  b«  nilx«4  under  Htieller,  aud  iu  quantitlt^s  of  only 
plala  at  a  tlaw.  aaiag  vvrv  ttule  aausr.  so  that  the  UMiruu-,  when  n-ady  for  u»e.  ahaU  a|ip«ar  ra 
— heivat.  and  autte  detteleut  in  plantieiiy.  The  joiut*  b«-luit  |ire\  iouAly  !K;ra|i«d  <Hit  to  a  dept 
t  iaaat  X  aa  luch,  the  uortw  i«  put  in  by  the  truw«l ;  a«trai|[ht-e<iK4>  \<^hin  hHd  juHt  tH>U>w  tliv  j< 
r  MialgiiC  aa  aa  auxiliary.  The  niortMr  is  'hcu  tv  lie  a**!!  catkvd  inio  liie  juini  by  a  calk 
raa  ana  hamaer;  then  iu«ire  mortar  is  put  in,  aud  calkf<I.  until  th«  Joint  ia  full.  It  ik'thcu  rul 
•4  polialied  under  aa  great  pressure  as  the  niaaou  can  exeru   if  the  Joinu  are  %-cry  tinv  they  sih 

•  «Blar|ad  by  a  etoaecutter,  to  about  -^  ioeh,  to  recetve  ttic  polntinft.  The  wall  rhould  he  wrll 

Mlm  (he  poliiUug  Is  put  iu,  and  kept  lu  such  eondUion  as  neither  to  give  water  tn,  nor  take  it  f^>n 
Mrtar.  In  hot  weather,  the  pointioc  should  be  icept  sheltered  for  sume  days  frum  the  sun,  su  ma 
liAqriM  quickly." 

Art.  A.  <*-onrret<e  ill  merely  a  coarse  mortar  ofIimp,Fand,nn«lpTav('1.  or  t>m' 
MMe.  Kngineers  generally  apply  to  it  the  French  name  of  Betan,  wlieii  cvnietit  i*  n<icd  iniitn 
•■MMfl  Uoie.  The  plain  terns  lime  ooncrete,  and  cement  concrele.  appear  tons  (irefFraltle.  Altlii 
Itee-emienHe  in  certainly  a  umifui  matenul  under  certain  eirruni»'iniict-i<.  yet.  when  it  was  flmt  ii 
lutt  Kiigland,  czagRerated  ideas  of  its  meritii  becaiuc  pn>vHleut ;  w*hl  -h  experieuM*  ban  li 
iM  sui«ittlne«l.  (■rout:d  quicklime  is  first  mixed  with  tlic  sand.  Kravel.  &n ;  then  water  U  addt 
the  lime ;  and  the  whule  U  quickly  mixed  together ;  and  as  •mmiu  ah  iMuniilile,  while  hot,  tlir 
a  heluht  of  K«*vi-ral  ll-ct,  into  the  trt* iich  prepared  for  it.  1I«ti>  it  ix  It-ft  to  hanti-n.  and  tiiiit 
the  foundation  of  the  intended  suporiitructure.  M'lion  fimt  Biix(>d  snd  dc|ioKitofl,  thcnotu 
■aeaples  ouu»lderably  lesji  bulk  than  that  of  its  dry  materials ;  but  iu  setting,  it  hwcIIh  iieriitauf 

Itaoc  -j^  part  of  lU  thickness.  This  last  property  has  been  supposed  to  render  it  peculiarly  valu 
^  «BderpinnlDg;  but  as  it  also  renders  the  concrete  porous,  and  friable,  ttie  argument  has 
itUe  fhrce. 
A  eommno  proportion  among  English  enfrineem  Is  1  measure  of  ground  qnlrklime.  1  JjJ  of  wanT. 
tofloT  grarel.    Rrolcen  stone  is  often  added ;  and,  still  Itetter.  fragments  of  l.riok.     Kvpr>-  P., 
4«  ef  gravel  makes  about  I  cub  yard  of  concrete.    In  unlng  concrete,  the  entire  width  of  the  fou 
"•JO  trench  should  t«e  lilh-d  with  It,  and  it  should  »ic  aell  rammed  in  layeni  alioiit  a  foot  thick,  on 
«p(Mlut!.    Rv  this  means  It  Is  mailo  to  act  as  pure  satid.  gravel,  or  broken  stmic  do :  which  it  in 
tMwn  make  a  firm  ftiun«latlon  when  so  treated,  if  not  exinisod  to  water.     As  lime  cuncrt>te  is  hi 
«U  a  weak  mnterial.  it  shouUl  extend  well  beyond  the  base  of  the  niafoury  above  It.    It  is  doul 
•bether  tn  thU-k  niassen  it  In  anv  Itetter  a$  a  JbvndatioH  than  it  auuid  W  without  the  Umc;  for  f 
■itl«His  ar«  alBKHit  Invariably  exposed  to  dampness,  aud  tlierefore  th«Te  is  little  pmbahllity  that 

■  me  la  the  interior  ever  liecomes  hanl.  It  Is  also  probable  that  thf  lime  should  lie  iierfwtly  nlm 
«rAre  the  other  materiaU  are  added:  and  that  the  ihn.wing  of  the  concrete  Into  Its  tn-iich  a  I 
lew  to eonsoildate  it.  ha*  rather  the  opposite  effect :  and  is  grtaily  lnf.ri<»r  to  rsmniiiig  it  in  laj 
•he  roandeil  pebldes  of  gravel,  although  thCT  answer  very  well,  do  not  make  as  firm  a  conorei 
■lall  aatalnr  ftnigments  of  stone :  and  fragments  of  brick,  or  burnt  elny.  arv  far  iH-iter  than  -it 

lint  when  cement  U  used  Instead  of  Hme,  either  in  whole,  or  In  preat  paii.  the  rhU-T  ol.j.Tt'oi 
4iMr«f« enuw.  It  then  lie<timeH  a  iruir  valuable  material;  and  iiiny  Ih>  Fulmtiiiiicd  for  iiiu«onr 
mad.  or  to  fr^sh  or  salt  wati-r ;  not  only  in  foundations,  but  in  niuny  other  poniliuus  in  which 
•■ry  wouM  lie  much  more  expensive;  such  as  arches,  dome*,  &'c. 

Tke  dome  of  the  Pantlieon  at  Rome,  142  feet  in  diam.  and  now  nearly 
war*  old.  Is  of  connn«le;  alio  the  sirhi-s  of  the  railroad  viaduct*.  Tout  Na|iol(>on.  and  Tont  d  A 
U  Paris.  Thf  first  has  .S  segmental  arche*  of  11.%  ft  si'sn.  and  1 1*,'  U  ri*e  :  whih'  tlie  wutral  i-ll 
ueh  of  Ih*-  latter  has  141.4  ft  span,  and  V<.2  ft  ri*e.  Both  are  bnilt  of  small  rough  qunrry  s|>!. 
well  bedded  in  pure  giM.d  cement.  Manv  smaller  amhed  bridires  have  lievn  built  entinly  of  n-r 
iMMTCte.  and  with  perfwt  siicwhs.  Its  most  extended  applicntlon.  ho«e\«T.  is  as  (illiiiir  for  tii 
tsiior  of  massive  masonry  of  brick,  or  stone;  or.  when  moiiMrd  into  Inrg*'  blocks,  fi.r  bn-akwati-rs 
for  saeh  purpose*,  not  onlv  *mall  frasments.  bnt  Inrge  oni"*.  mny  »«•  mixed  Into  tho  concn-ti* 
Ihnroughlv  bedded  Into  It  as  it  is  depositeil.  or  moulded,  a*  t»ie  cssi'  may  Is-.  As  little  vrnti-r  n« 
riwie  should  be  used  in  the  mixing :  barely  enouch  to  render  the  mn-.-*  coherent.  Wln-n  to  Ik'  um 
Ma  wator.  common  lime  should  not  l>e  naixed  with  it,  even  In  Kmiill  «]uuntiiv.  Murine  w.irVM 
irand  seale,  have  failed  from  an  ignorance  of  this  fact.  There  exists,  however,  a  great  differvui 
•ptaion  on  this  sut^oct. 

8iiiee  even  concrete  mixed  with  pnre  cement  cannot  withstand  the  action  of  wave*,  until  It  has 
tinie  to  harden,  it  shtmM  be  formed  into  blocks  for  some  months  liefon*  hi'Inir  so  ex|»oHed.  "  A' 
harbor  of  refuge  at  Hover.  Kncland.  Walker  *  Rnreos's.  enBiniM'rs.  tho  exterior  fHcing  of  the  sen 
•ourv  WIS  of  "tone:  but  the  interior  connlsted  of  moulded  hl^cks  of  6  to  Ut  ton**  weipht  each, 
0aQ|Kised  of  I  measure  of  dry  Portland  cement  rWhite'si.  to  10  me««ure*  of  mixed  saml  and  gri 
ThU  wMtn  Ijecame  very  hard.  Within  -i  or  4  dav*  they  wMild  l«e  Hfte«\  »tvA  ^A**"'"^  wwNvt  cvxwt  ,  \: 
•f  hill  ^or  4  titan,  only  10  days  aflrer  lielng  moulded.  co»iU\  \<e  \\t\eA  \\y  V»w\««»*  vwvV.  wnX^  v  Nx.vV* 
'*s fliaM.  O^ntnllr  howfver,  t/ie  lew|«  holes  were  mnuAAed  \t\  ^\\e  \\VwV.*  wr  \\w  xX'w*'  ^^^  ' 
*eai.  iiD/f  pxienth^  through  %  nf  their  dep'h.  The  Moek*  mere  \eT\  \o  V\*tAi^i\  K«»t  Tt«^t\\^  ^<*^ 
^^nbtingpui  under  wat«r.    The  large  blocka  of  11*2  cu\»  \\.  J^ttearV^  b  \\.  oi^  **»^^  ^Av^^  * 
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aab  ft  of  dry  fleoMBt,  and  IM  oab  ft  of  drj  gnTsl.    Buam  thtUr  balk  wm  baft  llHit  amttii  J 

that  of  the  dry  grarel ;  or,  in  other  words,  the  ■hiinkafa  was  nesrij  -1^    At  AManaj  bartsr,  l| 

name  engineers,  there  being  plenty  of  atone,  the  monlded  bloeka  were  ooupoMd  of  1  mmm  tt  Vb 
Portland  ceuieut,  u»  1  of  sharp  sand,  and  4  of  enane  and  fine  gravel.  Thaa*  belBf  ailnd  laliai 
tar,  were  thrown  into  the  monlda,  8  or  10  boahcls  at  a  time,  so  aa  to  form  a  eowptoia  )Mjm.  1 
flat  spawls  of  stone,  from  S  to  20  ins  long,  were  imbedded ;  and  so  on.  ODtll  tha  mouM  «ai  IML 

Jnantity  of  stone  thus  incorporated,  was  abont  40  per  cent  of  tha  entire  bulk ;  and  the  ffonrii 
ry  oement,  to  the  entire  balk,  was  abont  1  to  10." 

''At  the  Frencli  harbor  at  Cherboarir,  the  biocka  ttrisfi,by9ft,byfl 

oontaining  712  cub  ft,  and  weighing  52  tons,  were  built  up  of  mortar  and  stone,  like  mbhtoassi 
without  moulds.  The  mortar  conuined  1  meas  of  Portland  cement  powder,  to  S  of  aaad:  aili 
pied  from  .S  to  .4  of  the  entire  mass.  Blooks  of  this  kind,  9  months  old,  shoved  aoonpnsslvtsn 
of  1 13  tons  per  sq  ft :  which  is  but  little  inferior  to  that  of  Portland  stone.  Their  eohaalvs  fm 
about  'iOO  lbs  per  sq  inch.  After  becoming  hard,  they  were  slung  to  pontooaa,.  and  threva  la 
into  the  sea.  Some  of  the  52-ton  blocks  bare  in  heavy  gales  been  thrown  ap  troa^  tlie  bottiMtl 
sea,  (30  ft  deep.)  and  lodsed  on  top  of  the  breakwater,  entirely  nniajured.** 

In  making  concrete,  the  proportions  of  the  several  ingredieau  should  be  eaeh  thai  na  veMMi 
eant  spaces)  shall  exist  between  them.  To  ascertain  the  amonot  of  eaeh  material  to  aaasHpllB 
we  may  proceed  as  follows :  •  Suppose  we  are  going  to  make  a  eoaorete  of  stone  spawla,  giaVJ,! 


•  It  is  probable  that  mistakes  have  occorred  from  inadvertently  assnmlaf  that 
a  broken  mass,  constltnte  a  certain  proportion  of  the  bolk  of  said  mass ;  tnerefbre,  the  origtall 
hax  swelled  in  only  that  same  proportion.  Thus,  if  a  solid  enble  yard  of  stone  be  broken  Ms  i 
irregular  pieces,  which  have  among  themselves  about  the  same  proportlona  of  large  and  small  set 
usually  occurs  in  quarrying,  or  in  railroad  rock- cuttings;  and  if  these  be  loosely  thrown  lata  a  1 
the  .47  of  this  heap,  or  rather  less  than  half  of  It,  wllliM  voids.  But  it  does  not  follow,  thenfhia 
the  originnl  solid  cob  yd  has  swelled  only  .47.  or  nearly  one-half,  or  makes  odIt  I  J^  enb  yds  offer 
stone ;  although  many  young  engineers  would  probably  consider  this  a  verr  fhll  allowanoe;  sail 
suppose  that  they  were  quite  Just  to  the  company,  if  they  coanted  fbr  the  eantraetor  ens  islll 
of  excavation  for  every  1^  yds  of  fraftmenta.  Now,  it  is  plain  that  if  .47  of  the  broken  hsan  aiev 
the  reiuaiuiug  .53  must  be  stone.  But  these  .53  constituted  the  original  solid  ontrfe  vara :  and 
still  remain  equal  to  it  in  actual  solidity.  Hence  we  must  say  as  follows :  If  .53  of  toe  1 
occupies  cue  cub  yd  of  actual  space,  how  much  space  will  the  whole  mass  oocupy ;  or, 

or  the  Cub  yd  Entire 

broken  mass.       of  space.       broken  mass. 

.58      :      1      ::      i      : 

TTence.  we  see  that  a  solid  oab  yd  of  stone,  when  so  broken,  swells  to  1.9,  or  nearly  3  enb  ydi| 
hence  a  proper  Hllowanoe  to  a  contractor,  wbuld  be  1  cub  yd  solid,  for  every  1.9  onb  yds  of  piaM 
the  rds  of  pieoen  must  be  divided  by  1.9  for  the  solid  yards. 

If  we  know  that  a  cubic  yard  of  any  atone,  breaks  to,  say  1.9  yds,  then  to  find  the  proportlM 
voids,  and  solid,  in  the  broken  mass,  proceed  thus :  The  solid  part  of  the  broken  mass  mostoeoi 
cub  yd  of  space;  aud  the  question  is  what  part  of  1.9  yds  doias  this  1  yd  constitute.    The  aosi 

—  =  .53 ;  therefore,  53  hundredths  of  the  broken  mass  Is  solid ;  and  of  oonrse  the  remaining  47 1 

dredths  are  voids. 

If  a  cubic  foot  solid  weighs  N  Ihs  ;  but  when  broken  np,  or  ground,  only  n  lbs  par  evh  ft,  Ih 
divided  bv  N.  will  he  the  proportion  of  solid  in  the  broken  mass. 

If  the  broken  Ktnne  U  loosely  piled  up,  it  will  occupy  a  little  less  space,  say  about  1.8  eob  jdi 
which  oiise  the  vol<i!«  will  be  .44 ;  aud  the  solid,  .56  of  the  mass.  We  will  here  venture  to  expis« 
doubts  wliet>u>r  hard  rock  wheu  bla-itcd  and  made  into  embankment,  settles  to  lets  than  l%li 
every  solid  yd.  Mr  Kllwood  Morris  gives  as  the  result  of  certain  embankment  of  hard  ssedil 
made  under  his  sn|>ervi3ioit,  an  increase  of  bulk  of  -J^^;  or  in  other  words,  that  1  cnbyd  sf  W 
place,  made  1  rV.  or  1.417  yds  of  embankment.  This  corresponds  to  very  nearly  .7  solld(ai 
voi'ls :  while  1  H'yd^  to  1  solid,  correHponds  to  .0  solid ;  and  .4  voids.  The  rongh  aides  of  i 
tiono,  make  it  diWcult  to  measure  them  with  accuracy;  and  we  cannot  but  suspect  that  i 
of  this  kind  has  interfered  with  the  results  obtained  by  Mr  Morris.  He,  however,  may  berighi; 
we  wrong. 

By  some  careful  experiments  of  our  own,  an  ordinary  pure  sand  fh)m  the  sea  shore,  peilbafly 
and'loose,  weighed  97  Q>s  per  cub  ft;  and  its  voids  were  .41,  and  the  solid  .59 of  the  mass.   By  thsn 

shiikiug,  and  jarring,  it  could  be  settled  the  .1333  part,  (halfway  between  -1-,  and  H,)  andnsa 

It  then  weighed  112  lbs  per  cub  ft:  and  its  voids  were  then  .32;  and  the  solid.  .6H  of  the  mass. 

Another  pure  quartz  sand,  of  much  finer  Rrain,  perfectly  dry  and  loose,  weighed  but  HH  Iks  per 
ft:  the  velds  wt-re  .466;  and  the  solid  ..^34  of  the  mass.  Ry  thorough  shaking  and  jarrlnttte 
be  re<lueed ;  like  the  former,  onlv  the  .13;i3  part :  it  then  weighed  IUI.6  lbs  per  cub  ft ;  and  Its  v 
were  .3M  :  and  the  solid  .616.  Another,  consisting  of  the  finest  sifted  grains,  of  the  last,  wetghf 
IbR  per  cub  ft;  so  that  its  voids,  and  solid,  each  were  very  nearly  .5  of  the  mass.  This  eoaM  be< 
parted  about  %  part ;  and  then  weiKhed  »H4  lbs  per  cub  ft. 

The  first,  or  coarsest  of  these  sand.'*,  when  quite  moist,  but  not  wet,  perfectly  loose,  weighed  hi 
lbs  per  cub  ft:  or  II  lbs  Ihss  than  when  dry.  It  could  be  rammed  in  thin  laye'ra,  until  it  settled < 
fifth  part ;  and  then  weighed  \0^^  Tbs  per  cub  ft.    Voids  .3IH.t  solid  .652. 

The  s(.>cond  sand,  similarlv  moist  and  loose,  weighed  but  69  lbs  per  cub  ft ;  or  19  lbs  less  thaa  a 
drr.     It  could  be  rnmmed  in  thin  layers,  until  it  settled  }i  part ;  and  then  weighed  108)^  fts  per 
ft. '  VofdH  .373.  f  solid  .627. 

.V»ine  nf  these  ifaudu  when  dry,  and  \oose,  \t  poxited  %^xi\.\^  into  water  to  a  depth  of  15  Inches, 
tlo>l  aioro  than  tilmil  one-fifteenth  purt;  the  coatscaV  one,  Cit\\«v\?T^\A-s  \«%%. 

'  T/if  vnidH  woriJ.I  in  fact  l.c  a  little  jCTealor,  8lw\  \,Y\e  s^VvV  ^  VwvXt  W.W  ;«%  xa^^  ^-vw) 
tho  n.ui'rnecpsi^Hry  to  produce  the  dumpneaa.    I^ie  av^^^^-i  %vaN\\.i  q\  *aft\v.«A  ^>»wAa'«i 
or  thut  of  purv  quartz. 
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> 

Anotber,  which,  "  aftor  S  montb*'  ImntnUm  In  ult  water,  ■wtalBad  •  piMiBfi  sT  Ittlm  fwq 
ft,  wUuout  iiupKMiuo." 

1  Bvat  of  powdvr  of  0iMBaMHi  liav,  dmtkai. 

1    ••  brtekdut. 

1    "  aea  saud. 

Thete  wtre  made  into  mortar  with  water ;  m»d  thla  mortar  wm  mixed  witktwlat  \t»  0WB  fri^rf 

gravel :  glvloK  a  balk  of  eoncrete  oqoal  to  aboat  1  j  balka  of  the  yravtf  alMM. 

More  extended  experience  nhuws,  bowerer.  (hat  brickdiut  mortara  ara  Dot  St  fbr  aaa  wMv.  Illl 
majr  harden,  and  etand  well  for  a  few  jton ;  bat  aTur  tbat  time  thaj  besia  la  dieiaWffiM  M 

erumblr  away. 

Art.  H.    The  Htrengrth,  Ac,  of  eemeiit.  The  ■trengih,  hitrdiw,  h4 

adheiiiou  to  brlok  <ir  Htone,  are  much  greater  thao  In  lioie  niortar.  Tlie  eohanlon.  or  etiVHlh  lenM 
a  piill.  average!  from  40  to  75  lb«  per  iiq  Inch ;  or  2.5  to  4^  tone  per  aq  ft.  ia  food  RiieadMe  «MbiL 
without  ran«l ;  6  moothii  after  being  laid.  It  le  aomctimea  SO  to  H  ■•  wltkln  ■  month.  Tbt  tmtm 
oeineut  of  Kranda  k  While,  of  Lnodoo.  when  fresh,  aiid  of  ebeieeit  qaaHtjr.  !•  atatad  to  ha*vaHfe» 
ainu  of  100  Ibn  per  eq  Inch  within  7  daya :  and  of  400 1b«  within  1  moaihe.  Ita  a^Aeaton  la  belifelNl 
■(••lies  reema,  howerer,  to  be  far  leaa.  Many  apurliMia  and  lafMlor  artlalea  are  aald  Buder  ikiMM 
of  Portland  oement. 

Fri^nin  ({ Inn  long:  S  inemiaare;  and  ♦  laa  between  tbe  iiapporta}  of  good  fTeeb  Bneeadah  — ■^ 
10  rnouthn  after  they  were  made,  broke  with  the  following  luaris  auapattded  at  their  oeaMn.  TlMIM^ 
tar  of  which  they  were  matle.  waa  mixed  with  the  iimalteH  ptwalbie  quantity  vf  water.  WlHn  Ha 
water  waa  added  ao  at  to  make  a  thin  mortar,  the  atrength  of  tha  priama  hueiam  maok  tmiamL 

Meaiurea  Mea^nrea  Load  in 

of  Cement  Powder.  of  Stand.  Lb*. 

1  2 4J0 

I  1  BOO 

X 1  760 

3M 1  »• 

Crash inir  Ntrenprth  or  brirka  made  or  beat  Sngllata  Portlavd,  Sand  9  nontb*  oM.  Tm 
34.1  and  S»i  toua  |i«r  aq  ft.    With  I  part  aand,  160  and  Vi  ttin«.    With  h  parte  aaad,  «1  andlllimfc 

Ex|>erinienu  by  the  writer  lead  him  to  bdioTe  that  CCHieBi  !■  nOt  It^JOMd  ^ 
frees  i  n  g-  after  being  laid  in  a  work. 


Rcsalts  by  Oen  Glllmore. 

AdhoHlon  of  Rowendnle  cement  to  brlek 

and  irranite. 

The  brickn  were  c<>nient<>d  together  wet :  and  well  pressed  together 
by  hand.  Th«'y  were  wftre«I  with  frenh  wau»r  every  other  «iay,  for 
20  days  ;  and  tlieu  Hubuiitled  to  triaU  Each  reiinit  ia  tbe  average 
of  5  triult. 

Pure  ccnipnt  inflt«>  1  mean.    Sand  0  neaa 

Cvnieut  puwiltT...  1  1 ■ 


4 
5 
6 


AcDiesioii  per  sqnan  iMk 


ToOrDtoo 

To  nrym» 

Brieka. 

evtOrulia 

Lbe. 

LHa. 

80.8 

ttA 

15.7 

%S 

12.S 

lU 

•.8 

•.2 

6.2 

1J 

4.» 

S.8 

TrannverHe  Ntren^cth  of  cement  mortars,  mndc  into  nrfitincSlii 

equare.  hy  n  \u*  htnif :  In  vertical  inoiiMfl.  nnder  a  preii^ore  of  32  lh«  per  aq  Inch  :  and  broken  oa  i» 

Eiirti  4  liM  ap-\rt.  by  .t  pri'^nare  at  thp  renter.    The  priinm  wenp  kep«  in  aea  walrr  arter  the  Bfilll 
«iur"«;  and  werv  rfiO  days  oM  whrn  broken      —-■--- 
The  cement  wn-«  nn-aiored  in  powder. 


The  breaking  welgbu  are  the  arervgoa  of  maaiy  tiWh 


Gen  Gillmore. 


Cngllah  Portland,  artificial 

Oiimberliind.  Marv iHml , 

Nftviaric  and  UfMfndalK 

D«'lHtit;l<l  ti  Buxtirr's  ItoMrridale 

H'ltTiiian,  K(>.icnilal«> 

Lh wr<>niHf ,  KoHenilalc , 

Round  Top,  Maryland 

VtU'.n.  I lliuoif. 

SheplierdstowM.  VirKlriia 

A kr-iM.  New  Yi>rk 

Kiiigiton  ami  Koaendstle ^.. 

HumluskT,  Ohio 

Jhoii'i  River.  Viritinla 

Roman  cenicnt.  Scotlaml;  probably  injarcd 

Thf*  fiilJowinK  were  broken  when  one  year  old: 

Lnwrencfvllle  .Vfanufl^o,  Rooendale 

SH-HluMky,  OhUt 

Ki-nthigtnn.  ronne^rtlciit 

Lawrftici'  Ctftnrnt  Co.  Knsendale.  Hoffman  brand. 
Rouod  Top,  .Marrland 
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CEMEST,  COKCHETE,  ETC.  9BJ 

Vfai  Im  j^osd  Air  briitf  Idk  np  u  nneT^n  fonndstlon  to 
M«  aamy  readily  be  depHiltMl  nnilt-r  witlFr  in  Ibo  wuml 

u<tiu«Dilb  >ill  ol  oiirK  br™piinKl  k)  rilGni  cbrougk  U»  ntcr  [rw  iliabu;  and 
re>  ap<ou  ■rfalelt  U  !■  <lepiwill«d  m™i  prLiimul;  lir  Bnrnnmilad 

tf  bt  rulaavd  ■■  InQBd  Uh  Jx-er  r4Bfl  or  tt«  «r1«,  mud  be  Hillblid  *Hh  «BVflKSI1wel 
lilan « UU IMiiiii.    Bnlia  lUM  or  gmil  or  n^  nrtk  Ilk Imfl |W> irkcnlSn  t> 


•nerete  shoBld  eslcuil  «iit  fmo*  2  foS  f«el  (Kcnrdloi;  tn 

rvDdEb  bivoT  Lbv  BBvarj.      All  *tOtt    nill4l  hIhHiM    Ih    rPIIHkwd 

Mmt^-cH.   Bi^npnrIl3'Hlledwl>lienn.erel«,>i.d>.n<TU..<», 

M^<'»pli4'^'~  4Ii<pplulu-It.aHeriilii<ili>l.  »>'l'>n<«  «ba- pwiiw.iu  uv 
lulln  nKy  b«  Hprend  «vFr  tieep  Bmim  In  rork  10  imvml 
'  in  niiirh  rovm  for  Jattgmeat  in  Ihe  nr^iu  api>llaiHi»i  M 
r  Hie  bend  -FttaBdntlana"  nill  be  fouod  aan  luiiftil  btuti  nii 


■  Um  banner.  tM  ■■■■■■Lj  £fk  ar  ib«  Bxifllln  •«■  ikk  tllahi;  obd  *lica 


iwiu.   Oa  uip  ar  ihu  nnnimi.^  »m  ■iwa-Tir  Wilt,  """i*  "^l^j;"^ 


ODVX£TE,  En;. 


tvS 


\\ 


u  goi^  H  fltiHxo,  for  wbIIi  1^ 


u  «llllnior«*ii  aaUmaU  ttfcMt  of 


■ii  tmUtamU  ttfcoat  of  plaMtcrlnir'loi 

li  3  or  with  3  cnM.    CoBDualiiUn'Vl  ps-^. 


PI— tttrlag  intkrt  *tB  wiullr  of  ipllt  *blte  or  yellow  pints  la  iMgl**.^ 
Ib«u<>^MnpbalulaUr!Vio«M^ub>|iHl.  TU  ^rifbtHadaiT'puiliiHi  Hillllda 
tiuUilIDtlMB.  LOi ■!■  nM ta  On Ii»4M •(  IWO Hek.  A  iqunlhMif  •Drt>aia*Bll 
ItarhMlilIwi  or  unt  ■lot  lulia  •ill  snr  Mt  a  n.  Baxd  lalliiBV  ba  kal  (•««««■■» 
wini  knith.    Acurnxrau  ull  ip  lh>  lithi  (BrrroBMun>tT<><f  pUiMl^miT* 


SLATING. 


Rsortsa  ilstegnn  Qsiullyrrom  HmM  inch  think;  aboat^  btlnR ■  oMMI 
•H'niM.  Thnj  mejbe  iirIIM  flllier  ^■l^  iih«'lngof  r™gh  bosnls  (c.  j,  In  thtlj} 
from  %  [u  ll^lnch  Uilck,  (wLlch  nbuuld  t»,  l)ul  nml;  ue,  tou|ged  uid  gmnm 


■  Avenw*  prleCB  of  Blltatertns  lt>  VbltwU,  IRra,  Id  cM  per  »jv*. 

■'"^  '  S-'MhW  ajMMto  M  I>«T  «ll»  t«  •M<«°"  «""*■ ''•'''^  "^**""'*^™''" 


BLATIKG.  ■£!! 

loriiontally  fWiia  trnfler  to  rmftBt;  or  ■Ic>p[(i^,  ftom  piirlfii  to  purlin,  u  ttib  mis 
e  imftanal  dlitaucet  apart  tuaoLC  tbegbn^e  of  tb« iLbIvi-  TwoduUsuu  audio 

laat  two  are  Kenftntlljr  utvd ;  or  In  iDteiior  work,  merely  plain  Iron  ontt,  pie> 

umea  weakt<DB  tli«m  bo  piiicb  thut  the^  Immk ;  aod  £h«  sliitee  «ni  bto«D  i^  in 
windfl,  to  th«  danger  of  puuftn  by-    Since  tood  tLBle  enduivfl  for  a  k>iig  Kiiea 

1,  lutead  of  bvlng  DalJwt  to  boitrdi,  an  sometliuta  li-ii  dJr«:il>-  to  Lhti  Iron 


,  Ibf  afevHlav  ar  v^otii  iridtb^or  til!  n'linft-  or  ri»Aaii.    Tka  lAin  hi  lia  imhirHlM  ^liw 

f  iwT.    Tht  Dnwr  iriila  tLf  ■  ilBEa  ft  aantflialLr^lhi  laaer  tot,  hi  &*^r 

Int.  1ltoi>hhi(lb>(.  miiK('M(iIV>uaniaB!td>lM>»n>.avli'nF«IMar«n<L    «■« 

•tt  at  the  «■!<•■»  D«ii>nMrjMlMT7l0MU«DNmi>d  ii>i>ii>tHBUr^4^  M  nH  lu  ma 

k>iain'^a>uUiI°Df MliiMiiina'afUMHBnir^   T>liliibi>*nnalH«ciala 


tailHll'lka  <l»innl  rim  af  iMw  iini  MnluiIA(4  h  ibiiiid  ■•■»>  o(  i»  iHnlH.    !■  Ag 
lilOH  Uv  ai*  a^lid  *  ^T  Ifni  W  bi  14-h  ka,  aiiirilin  B  IhHr  Bimm  la  halw.    tkij 

Hnarna  1»  hr  Itaa  Uk  kaad  iha  nail  baka  an  rMaad.'  Tka  lanber  Ikto  Ii,  tta  bwr 

Tbar  •»  a^io  llabH  U  bm):  whan  ••Ibid  aa  i  Ini  ■>  'baa  beddad  In  iuriar, 
elvhtnrAlnte  nxtlb.  Sluts  mlgtn  abont  ITS  IlM  [wr  onbfoot;  IhenAm. 


■(Mill  Baa4  ■«  U  ft;  or  It  O*  iUM  inMAAte  Vk^««L^  ««»i,»afi.^'»' 


^*-r^     *- 


#  ■ 


-i. 


>JUT 


!•*• 


!' 


t-V 


TmOmiu 


SX' 


•  iMfdi. 

uita. 


Jl 
Ul 


in 

IN 


SLATIHG. 


It//,t(»'*  «.»«*••«  nrsAHy  fro«  ^;  to  »i  inch  thick;  nbont  ^  beiiij?«< 
m*'fy     T  •  - »  .'•'■*«'  *>^  rjfc:":*<l  *i:h*r  t.-  a  ih^^ting  of  mngh  boards  (e,  g,  h>  tt»J 
fr/w  %  f'  ;^  .i.'.L  iLIck,  wiiith  .Louldlie,  but  nurely  are,  tongued  and  jroc^ 


^1    • 


,>«  aort-^  r*"  *  "^"^ 


lTINq.  Bll 

rtfloritii]l7  from  nflitr  laraftvr:  Dr  iloiring.  rrampiirtln  to  purlin,  v  IViqcu* 

•  ■Iu.nb">iiltiliBgB^gBof'ib"id.Li«.  TwDufilnKTsflwdlD 
I  nj.pcr  Dunur.    Ihn/  miubii  elUicrorcopprr.  I«bld.  1>1N< 

■t  two  an  ciHiBmU^  oncd:  or  in  Inlerior  vork.  mnrlj  pUp  iron  oncf,  pf ■- 

bulled  In  iTnHKd  ull.  u  ii  pan)!)  prvaervnilve  hnia  runt.  Hut,  bsiraiwr, 
inMHMlirng  thom  u  miicli  Itiat  tbt*  brvuli;  ond  the  ■Intn  nis  Miwn  uir.ln 
Inda.  lu  llieiUDKiror  piuMnbj.  EInca  gaud  ilsta  tndnivt  Ibr  n  loilf  wriai 
itconunijln  n«On«ll>  thil«n'ei]d8llj-ilunvl>le.  Id  Iron  tttift,  Oia 
bolDg  nnllnl  lo  Inanli,  ub  noioitliui'i  tiod  dlntlli  ta  Uid  kas 


Unarhan  o'r  (bg  iliw  ir  su'lillii.  tr  la  hurdi,  cln  111111  prttfi  na;  tir  liEnHI  t  (r 
I  ■■■■■»  Hwirnnl  ■DTCriai  tt<  hardi  •Kb  >la)>r  d(  abit  u  WH  Ualliv /lU  i  IM 
Ml  i^  nIalilM  rrgm  to  to  Mb.  V  W  l>  roll  •»!  cotit  ihiui  ■»  n  11  W  mT.  THk 
laf  tiimiinariiilDiUg:  »ivi>l  it  1b>  bf»  «i.  fi.  In,  -rtm-  K  bIriiilL    Tlia 


■  4t  klv  loitirt' Alie  ■  vidM  vuirr  ba  Kr«*».    To  |irmiill1ilii.  n  Iflr/Nr^tl^  1i«l*«l  wMt 


ilvlit  of  nliite  ronfii.  glut*  woighimbont  ITS  Bn  ppr  00b  rout;  MiBr»»»», 

aBhui1>  -nlaob  Lhloli,  i:ie -ilitii  i-eriq  n^  ronf  wW  he  lniragHdUiiiul)t  >•:  HwUh 
itHU^JJ.an*.    LiiUU  will  vtich  Uout  ^  A  F«  Bq  rt  pT  not. 


GLASS,  ATID  OLAZIKQ. 


For  brick.  mwmnpT,  or  rosKb-UMlI    Stuck  U  >  bulial  of  Uw  > 

ti(H>;  ItcD  ail  lU Bunl  SIWI*!  >un.  ud idil  •  buiUI •!  hidimaUi hbhi.  UtltHtim 
UatcM  ilDo.  inilnilr  illmlnd la  ••ur.  Th>  ohM  AmM  b>  m  tbi  ithikaiH  •TpiriH;!!!. 
■Hf  M  F<l  n  aUh  ■  uMiiiul  bnd.    TU  <ru(  U  hunml  U  lUnlBi  U  >»«>•' IrUH  lai . 

Ar^r;'(l>  fti  ladf  lUud  ■harp  alau  aul;  Itlunv  wbbar.    Add  varj  lltUa,  njr  Hf^'<v< 

IJnnent  (kr  Mnpplnit  Jalnta,  lucb  ma  kcnnnd  chimin';*,  ta,  tc  WUM' 
haAnaud  In  III.  aa  aoll  In  Iki  IM ;  ailinl  >lik  siKaili  P«n  avd  w  Bake  anlff  paMt4MiB 
■«  na.    Ilfinia  karl  h>  aipaMn^uA  n4iu  Iwa^yM.  ■««  naiiir.    Ptieaa  tffam  B^M 

WIllt««rM>Ii  Mr  IniiMe  w«rk.  uconlloi  to  Mr.  tkranlns. "  b  nadi  wn 
■i*l  aiK  armaiKilt.  kr  •Mtiui  1  qaana  of  Ilia  «h  to  a  pallTal  af  (ht  •aiE.  laM  tain  Hkfi 


GLASS,  AND  QLAZISQ. 

boi  nniUiriH «  iimriy  SI »q  tsol  i.t  thiM M  llio  dinisn.fonK of  tlio  ii °nM  willildml 
of.  Ill  tliv  fc.Jli'wiuit  Ub\f,  IbiMB  iiniiibri'H  wliich  harn  ud  +  iifKT  t!i"iii,  d.>ii.4f  tU 
thMMHonnt  m  jir«(«(#  SO  an  fij  wlillu  Id  tbu  otbcn  a  iwituf  a  iiauo  mmWlian 
to  lie  idded  tn  nukg  up  tlit  U)  R. 


TABLE  OF  SrmDERS  OF  PATTES  IH  A  ROX. 
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■WATER.  BIB 

jl.w'Stai^KoirtMSF™,   "oen»«.™iUu^i  .l'h.uJblh.Vl™ro>  ucxUr.u 
«1«rrifiBBtoSitiH<*«  PTUu  ibu  fpf  iha  bntqn-l^v  "■^■"-■'■'^^  AmtriMn,  m  lliva 

ilek  vliuB  ■■  nade  xxpmulT  for  flooring,  np  to  ni  Idi  ihtrk, 

BBKtk  of  Klaaa.    The  tonsKs  Xrength  of  common  nlma  TariM  from  2000 
2iiri11iMii.'ii"j"°il'«'rt — "  •™""™"* '""     '■~-■""'l■"■""• 

.    -I.     -■-■■■-■•    ■^"»'^™»i«;;l^j;,>. 


!«!'r';'»n^'i^d'or''>M?i1f!  itT: 


OnUn-rily,  b 


WATEE. 

iBtllled,  <8  cninpoKd  oT  the  Iwo  gsira.  hjidroiiFii  uiil 
2  meunroi  hjd,  lo  1  of  on  or  I  wtigl.l  of.hjd,  to  > 
contBlm  mvi-mL  foreign  IngredifoUi,  u  curlrtmSc,  «!>* 

weldlt  U  1^117  nHumed  to  b»  B2J<  fc,  or  lono  onrno.  »Totr  j  bnt  «.! 


*  r  11     10  r^  1°         *  °™         *  "*         '  '■"         *  '■" 

M  III  W        »  !>>  ao  KM  li.U)  ll!«l 


xrpqn,  III)>£M(Uil,K[iicklbl(lk.WlU:iiirnch,»iiUT«r>qR.  AiMnid ilin. ilnilc tblll- 


516 


WATER. 


The  weteht  of  water  affhrdf  an  9mj  way  to  And  the  eaMo  eontenta  of  •  reiwal.  Flnt  wcl^  tte  i» 
Ml  by  itKlf:  nnd  then  full  of  wator.  The  diff  will  be  the  weight  of  tho  water;  aad  thbdiTlMkr 
62.3  or  by  the  number  in  the  table  €ffp  the  temp  ef  water,  will  bo  tbo  oemoata  In  eab  (L 


by'BM 


oftlM 


To  obtain  the  sise  of  commerelal  meiuiai 

welylit  of  water. 

It  the  enmninn  tcmperatnre  of  from  70°  to  75°  Fah,  a  cab  foot  of  fteeh  water  weighs  rm  an 
mately  6.'*^  lb.4  avoir.  A  cubic  bair  foot.  (4  tm  on  each  edge,  i  7.701*^3  IM.  A  onb  Qu^itcr  footi  tf  iM 
on  eacbe-igc.)  .97..'G4ilb.  A  cub  yard,  I6«0.75  S>!i ;  or  .75031  ton.  Aeub  half  rj,  (KflnaoneaohcteJ 
210.091  lb.i:  or  .09:^  too.  A  cub  iuoh, .0OCOS4  ft ;  or  Ji76384ounoe;  er9.32ndranM;  orUl.lTOpUifc 
Au  Inch  luiuarc.  atitl  one  foot  long.  .4.13293  B>;  all  avoir.  Alio  1  Ok  of  water  eontaiaa  ZI.IMM aabiM; 
au  ounce,  1.735  cub  ina ;  a  ton,  Sj.964  onb  ft,  all  near  enough  for  oommoa  i 

Original. 


liiqnld  jllcasares.  Lb^  Aroir. 

^  of  Water. 

U.  a.  0111 M005» 

U.  8.  Pint 1.040a 

U.  8.  Quart 2.0804 

U.  H.  (;allon 8.3S1G 

U.  8.  WlneBarrvl,  31/a  Uall 38,1.1310 

Bry  Pleasures. 

U.  a.  Pint 1.2104 

U.  S.  Quart 2.420B 

U.  8.  Gallon 9.6834 

U.  H.  Peck 19.36RS 

V.  S.  Buahel,  struck i7.4670 

*  Or  4  ounces ;  2  drams ;  15.6625  grs. 


liiquicl  and  I>rjr.  %^*^ 

British  Imp  Oin ^     J19i« 

"     Pint 1.ZIS8 

"       "     Quart l«nl 

"       "     Gallon t.MN 

"       "    Peck IMm 

"     Bushel 79J0H 


*  4.9942 ;  or  rtTj  nearly  5  ooi 


Frencb  Measurea. 

Centilitre XUM 

Decilitre JOH 

Litre UM 

Dccaliire,  or  Centistcre IIJW 

Metro,  or  Btcre SluUM 

t  Or  5.6271  drama;  or  153.866 gn. 
X  3.5169  ounces. 


It  A  max  density  is  when  its  temp  is  a  little  moro  than  2Q^  Fah ;  or  about  7^ 
warmer  than  the  freeslug  poiut.  By  best  aathorltles  39.2°.  from  about  S9°  it  expands ellbv If 
C(iM,  or  by  beat.  When  the  tciup  of  S2<^  reduces  it  to  solid  ice,  its  wt  is  but  about  57.2  ft«  pereibft; 
aud  its  sp  gr  about  .9175,  according  to  the  latest  deturminaUon  by  L.  Dufour.  Uuuoe,  asioe,itlnl 
expanded  J-^  part  of  its  original  bulk  as  water;  and  the  sudden  ezpansiTO  foroe  exerted  at  thtM» 
mrnt  of  freezing.  \a  sufficirutly  great  to  split  iron  water-pipes ;  being  probably  not  less  than  SOMBi 
per  sq  inch.  Iu<t:inct!.'t  liave  occurred  of  it*  splitting  oast  tubular  p<)sti  of  iron  bridges,  aud  uf  erit 
n:iry  buiklingM.  wlu-n  full  of  rain  water  from  exposure.  It  also  loosens  and  throws  down  massuif 
r>ck,  through  the  Joiuts  of  which  rain  or  spring  water  has  fouud  its  way.  Retaining- walUalaoaresoas- 
times  overt  tiro  wn,  or  at  luaat  bulgcil,  by  the  freezing  cf  water  which  has  settled  between  their  backs 
and  the  earth  flUiiig  which  they  sustain;  and  walls  which  are  not  foundedLat  a auOlcieat depth, M 
often  lifted  upward  by  the  same  process.  ^ 

It  is  said  that  in  a  glass  tube  H  inch  in  diam,  water  will  not  ftwese  until  the  temp  la  ivdooidtl 

23°:  nnd  in  tubes  of  less  than  Ty-Q-^jinch,  to  3°  or  4°.  Neither  will  it  fkvexenntil  oontiderabljasMv 
than  32°,  in  rapid  running  streams.  AncAor  fee.  so  called,  sometimes  found  at  depths  as  graat  u9 
fi,  con<ists  of  an  nsgregatlon  of  small  crystals  or  needles  of  lee  frexen  at  the  surface  of  rapid opet 
water:  and  probably  carried  below  by  the  force  of  the  stream.    It  does  not  form  undur  fh>ien  water. 


eq 
water 


Hi  nee  ice  floats  in  water;  and  a  floating  brnly  displaces  a  wt  of  the  liqiud 

ual  to  its  own  wt.  it  follows  that  a  cub  ft  of  floating  ice  weighini;57.2  n>4,  most  displace  57.21bio( 
Iter.  But  01. 2  lbs  of  water,  one  ft  square,  1%  11  ind  deep ;  therefore,  floating  ice  of  a  cubical  or  p«^ 
allelopipedal  shape,  will  have  |-  ]^  of  its  volume  nndcr  water;  and  only  -^.^  aboTe :  and  •  sq  ft  of  iM 
of  any  thickncMs,  will  require  a  wt  equal  to  ->^j-  of  its  own  wt  to  sink  it  to'thc  aurf  of  the  water.  Is 

practice,  howcrer,  this  muit  be  regarded  merely  as  a  close  approximation,  siaee  the  wt  of  lee  Ii  sffiiii- 

what  affected  by  enclosed  air- bubbles. 

Pure  watrsr  18  usually  assnmnd  to  boil  at  212°  Fah,  in  the  open  air,  at  the  level  of 
the  sea;  the  barom  bclnj?  at  30  ins;  an<I  at  about  1°  less  for  every  OJO  ft  above sn 
levt'l,  for  lu'i;rhts  within  1  mile.  See  levelling  by  boiling  water.  In  fact,  its  boiling 
l>oint  varie.s,  like  its  freezing  point,  with  its  purity,  the  density  of  tho  air  the  ma* 
tonal  of  the  vessel.  &c.  In  a  metallic  vessel,  it  mav  boil  at  210O;  and  in  a  glass  one, 
at  from  212o,  to  220°;  aud  it  is  stated  that  if  all  air  be  provionsly  extracted,  it 
re<iuire8  275°. 

Jt  evaporates  at  all  temperatures ;  ^lissolves  more  substances  than  any  other  agent; 
and  has  a  greater  capacity  for  heat  than  any  other  known  substance. 

It  may  bo  compressed  at  the  rate  of  about  the  ^r^x^  part,  (or  about  -riir  o^  *" 
inch  in  JUj^^  ft.)  by  each  atm()s\AieTO  v>t  \4reiiAur0  of  15  Iba  per  sq  inch.  When 
tlia  proff  is  n'niorod,  it.s  elasticity  restores  \\.d  ot\^vcvv\\"\>\)Wk.. 

K/Toot  €ttt   metnlH.     The  l\mrt  coT\ta.\TV«)A  \w  tcvaws  "^^Akto,  Vvtba  ^v^riftSLX^ 
aietullio  watcr-pijies ;  aud  in  ohanuola  of  e&Tt\ieuwaTQ,  ot  ol  mMourj  -^  «a\i«tikaa^)  VI  \te  ««e«nAk>ft 
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-_>ot  with  kruBa  openpper  ls«li)  to  induce!  ixlvulo moHon wKcli 

I  tiH  tiM  Iron  uru  liwl  vartl¥  dliBnnnd.     n^jTmnlBLdf  lOMLlDI  wUll  llBfl}  hQi  au  A  HV< 
_4*«  U  M«  ITDD,  bai  Bt  Lbe  uppq-B  ur  Um  llD«,  wbhli  hidd  dUopivirK    Tbi  ffffv  lk«  SarPvAf. 

r^uBDrrHn-   ItlivRirlBparUqlirnllliatirliB  ■wrrMril/pnA^r'-  BydLnnnlnftflfou 

SRlJnSi  hUiu  bu  bgui  dalnuil  niiin tirmu  [bmls  in  InMrUd  iBIultiBnlnplpn  Id  FUluh. 
■HMt  Brelndlolnl  esppanra  for  Iron,  m  »bH  m  far  wnnd.  I» ; " 


Mw,  ^.  fir  A  iQQff  duo.    TbB  Hilbhano  Add  duDulncd  Id  Uh  ■««■  rmm  dukI  iuLph  oanoOn  Itdd 

M-mridir- 

■■l*  (lie  nreiib  wnter  ot  CMnala,  Iron  IjobW  ^^To  contJnuca  1p  mnlon  from 

UBMha  IK  ■*  w  i^  p«i  oi  iw  mh™  .>l|l.^  i>  ohaBj  wDiDDD  uii,  So  Miw  mow  n 

nwifdUj^lttiLn  K  ro*  hour*  (0  l»  drlnlikbla.  ]rKbalBla^4hd•rp^cdlt■l■  tba  »bd  brUa  ■«- 
■K0r4,  tbt  LaDllrftUrif  ■»Hr  will  DilulE*  t»  BDnnltDII*  frah  Tor  •blblDI  "lli  "QMbi  pr  brtB  fcr 
drtukJpK.    ft  |4  tilFui  ii[ai»l  LhHl  ■AEcr  iDAj  bt  pnivrnd  awHt  ror  ifliDj  jon  b/ plwdbft  Lb  ibb  eao- 

It  In  ftnid  <hatirKter  k«p*  In  aine  tJinkai  or  flnvlnE  ilirniicliirDn 


tiE's^'^'s^ 


l.i 


•w-^  -rM.zSMUB»^cmtgm^tK 


'««     .H#-««i» 


fr« 


r 

e   ^ 


I  '• 


■  •^   :j«  vnm  «  e  irrljs  aur"  ~iifc.T.  £*=  Fah;  oraboiti' 

45 :.  :>L'i^.   Heuce,  M  In,  kw 


'^  iin^    Vk4  as 

r— «    .1  fi>'.\  .,-"1  •'iBfr  r  7i^     Mio^  7-^bablr  not  Icsi  thsa 
.    '-.■.-—.•»''■•»■;  .r::if  a*i  .:.i.2. AT  ^ -:*  of  Iron  briJgd.aBdrf 


'   '  ■  '"  •- ■"'If  n  *i..—  iaj ':«:.*. :jw»j.     Beui  sing- wall  •also  mi^ 

t-    ■-    .••-■:    1- iw  f-i-r-^    '  vi::;?'*!}:  a  ba:*  Milled  bctwrcatMrM'l 
a-vt  va..i  vi^^anaecroiuMUi^iaBaIBcicml4(ptt,M 

b  lias,  vaaer  wi3  m(  fracse  sntll  tha  tenp  lii«*«l> 


*  -  ■ 


f"/* 


,--*v-» 

'  ■     ■     ■ 


•  •■4    ■■*» 
■«»        I., 


f 


■  ■:'.%  v«  "'•  '^.^  ..  ^  .  iu«  •AX'WtV^.  irdtberwlIlltfkvexeantnooBtiaefmb^iriM 
»«- .  I  >  .«.•,' i>|»  ••ra.ff.t      ilf.'ftiT  f««,  w  called.  aometimM  foond  at  deptbsMcmlMS 
'        .  ■     -     «    "■  «r"/*')''i  '•'•'»•«  I  'Trytraf*  fw  neirdlei  efieerrawn  at  the  surfawi^npUifM 
-"'-'■  -■'<-'  r "'•  y  '  V •••'I  i>»i'f  w  t/7  tia«  foTM  of  tbe  •trean.    It  does  not  form  andd'  frun ni^ 

illM«>*>  l«f«  iltiMf*  In  wnt«>r;  and  a  fli>atini^  body  displaces  a  wt  ly^thflH^ 

•I -•>  "•   )•  r.ji'iwa  itiniiid,),  ftof  ll'>atlDf  ice  wrif;hini;S7.:tn4,  raa«td  <plw<f  .';j>*'' 

'*■"  ■'  '  i''«  "' »iii-r,  iMiK  r(»<|iiHr'!,  i<  II  iDd  derp;  therefore,  Roatiug  ic«  of  a  eafeialwi'^ 
*ii.  1. 1  If  ■ini  -ixiiiH,  will  hnra  j  .^  of  lu  Tolumc  under  Water ;  and  onlj  y^r  itboTe;  aadaaqf  i" 
.  •  ■•••r  •iii'i' •■>•«.  Kill  ii>|ii|i««  wl  o'liinl  to-^pof  its  own  wt  to  tick  it  to'the  »urr  of  tbe  vuff-  ^ 
f'  "      ' ' "  "•'•"I  l>""-F'intpilmirtljasaoloMnpproxiniatkm,iiBe*ih*  wtaftaitaHi* 

.   li  .1  -III   ..|.  .1  111  f>iin|ii4ui|  nil    lil|lililr«, 

I  ....  ...ii.t   1.1  nniintlv  RMumiMl  to  lioll  at  212°  Fah,  In  the  open  air.  at  tbe  1  wl rf 

"' •;  ''"*  '"""HI  I..  Inir  at  :U>  iiiN;  niul  at  abimt  P len  for  c-ror%  ."..iiftalii'"** 

'  '  '  '  •  ''■  «-l>"  «»MilM  1  mill'.  SiM«  lovolUnjr  by  iKnlinf  mater.  3 u  f.m.  iti> K^biC 
1  ""  '  •"■  '•'"*  *•'  rnH»7,nii  n.»Jnl,  with  its  parity,  tht-  densitr  of  Th'  at?,  ilrf** 
'  "  «'  '  ♦'»•  *  •  -  '  .<•  \\\  w  mot«llJo  \owol.  it  innv  Uiil  at  illiV;  an  ;  ;i  a  ^^■•'•^ 
"  "  •**  '  '"  ''«^".  ""'i  It  »«  •«j4tjsi  that  if  all  air  be  rircvii»iH!v  fs'.ncfad.  k 
• 

■yrw:  •»_\«^  ■^NA 


r  *?• 


•     f       •^•'t        Vk)   « 


««    ».H-;*»<»i  ^■•*''.    «*■■   **■ 


»\.T" 


BSOW. — AIH. 


M  ore  ppolmfaljr  but  fbw  pineca  In  (he  ITnltrd  BtateM, 

nalilqflUad«diiaElinifDr«vBinrftELDii>ndaiLnUii«.ili1i*0iil4»qppkr  ^I«I»<>biI™b(i£^ 
DTBfqaDnaf  3BlirtaDft  lEdflH  voulilliilftl  biODbPr  tamcB  Ibr  era?  p«r»ik,     Fma  JL  lo 


SNOW. 

,U  at  dfirtlinpa  b^  ttae  writer,  thm-^d  Ihont  of  fRahlyUlBii 


t       AIB-ATMOSFHIBB,  ^M 

atmoaphere  Is  knowa  to  extend  (o  at  Teas!  AS  mllei* 
I  the  esrlh.    Ita  coaiinitlllun  In  Kbuut  ,'7B  mmurin  uf  olirugun  em,  Hml 

I;  .oil  »=ub  .d.'i.uB  tPi.  Ur  ■  i»ll»tlll>.«  ft  an  rich  id gr,  i  n.u.    WUnngiihlir'll  inl(Hl 
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WIND. 


vhleh  tt  li  satiitaetied.   Thai,  If  w«  Iuit«  a  •yllndar  omb  at  l«p.  and  1  fk  ieap.  tall  of  air  i 

I»rH  of  aboal  U  ft«  per  aq  ineb ;  if  by  meauB  of  a  putoa  ve  apply  an  addiuooal  prei  <f 
neb,  making  au  9m  In  all,  or  tvioe  mt  much  aa  tbe  uat  pre*,  thwa  ttie  air  wUI  be  omu 
ioj  of  depth  of  tbe  ojlinder,  or  one-half  of  wbat  it  ooouplod  before.  Or  if  we  apply  i&  ■ 
waking  60  ft«  in  all,  or  4  times  the  natural  pre*,  then  the  air  will  be  oompreMed  Into  )4 
of  the  ejUnder.    Experiment  ibows  that  (hi«  holds  good  with  air  at  leaat  up  to  preMorM 

Be  per  aq  inch,  or  50  times  its  nat  prea ;  the  air  in  this  eaae  oocnpjing  the  -^jg  part  < 
bulk.  In  like  manner  the  bulk  will  increase  aa  the  toul  prea  la  diminished :  ao  that  if  w 
additional  A5  Iba  per  aq  inch,  tbe  air  in  tbe  cylinder  will  regain  ha  original  balk,  and  will 
the  cylinder.  Substances  which  follow  these  laws,  are  said  to  be  per/Bctty  etuatie.  Un 
about  bH  tons  per  sq  inch,  air  would  become  as  dense,  or  would  weigh  aa  much  per  enli 
Since  the  air  at  tbe  surface  of  the  earth  is  preaaed  149^  Iba  per  aq  Inch  by  tbe  atmeepi 
and  since  thla  la  equal  to  the  wt  of  a  column  of  water  1  inch  eq,  and  Si  ft  high,  it  fc 
depths  of  34,  68, 103  ft,  ice.  below  water,  air  will  be  oompreaaed  into  M,  )^,  }i.  ic.  of  li 
Murf  {  becanae  at  thoae  deptha  it  ia  ezpoaed  to  preaanrea  equal  to  3,  S.  4,  Ac,  times  H9i  % 
inasmuch  as  the  pres  of  the  atmosphere  on  tbe  surf,  Is  In  each  easd  to  be  added  to  that 
The  prea  of  the  water  lUone  at  thoae  deptba,  would  ha  but  1,  2,  S,  ftc,  times  I49i  Iba  per 

The  ari*«At,eHt  heat  of  the  »lr  in  the  son  probably  never  es 
Fah :  nor  the  greatext  cold,  65^  below  aero.  Abeut  1S0°  above,  and  36°  below  tero,  are 
la  the  U.  S. ;  and  very  unusual. 

In  m  divififp-bell,  men,  after  some  experience,  can  readily  work 
iKMira  at  a  depth  of  51  feet:  or  under  a  pressure  of  X^  atmoHpberes;  or  37 >^  lbs  per  aq  ii 
M  tt  deep ;  or  under  3.64  atmospberea :  or  nnarly  &5  flk«  per  aq  ineb,  tbey  caa  work  for  I 
buur.  without  aerioua  auffering  from  paralysia ;  or  CTcn  danger  of  death.   Still  at  the  St. 
MBia  work  waa  done  at  a  depth  of  11U>{  ft;  pres  62.7  Iba  per  aq  inch. 


WIND. 


The  relation  between  the  velocity  of  wind,  and  if 

nre  ajf^lnst  an  ub8tacle  placed  either  at  right  angles  to  its  course,  or  inc 
liaa  not  been  well  determined ;  and  atlU  leaa  ao  It^  pres  againat  curved  aurfaces.  Tbe  p 
Urge  aurfaoe  ia  probably  proportionally  greater  than  against  a  amall  one.  It  lii  generall< 
▼ary  nearly  as  tbe  squares  of  the  vela ;  and  when  the  obstacle  is  at  right  angl^  to  it«  \ 

Eres  in  lbs  per  nq  ft  of  exposed  surface  is  ooniidered  tn  be  equal  to  the  square  ef  the  re! 
oar.  divided  by  '/GO.    On  this  basis,  which  is  probably  quite  defective,  the  following  u 
by  Smeaton,  is  prepared. 


Vel.  in  Miles 

Vel.  in  Ft. 

Pres.  tn  Lbs. 

Hemarks. 

per  Hour. 

per  Seo. 

per  Sq.  Ft. 

1.467 

.005 

ITardly  perceptible. 

2.933 

.020 

Pleasant. 

4.400 

.045 

5.867 

.080 

7.33 

.125 

10 

14.67 

.5 

UH 

18.33 

.781 

Fresh  breeie. 

15 

22. 

1.125 

20 

29.33 

2. 

25 

36.67 

3.125 

Brisk  wind. 

80 

44. 

4.5 

Strong  wind. 

40 

5«.67 

8. 

High  wind. 

60 

73.33 

12.5 

Storm. 

60 

88. 

18. 

Violent  storm. 

80 

117.3 

32. 

Hurricane. 

100 

146.7 

50. 

Violent  hurricane,  uprooting  la 

Tredflrold  ii*econi mends  to  allow  40  Ibn  per  sq  ft  of  re 

pres  of  wind  against  it;  but  as  roors  are  constructed  with  aslope,  and  consequently  d 
the  full  force  t»f  the  wind,  this  is  plainly  too  much.*  Moreover,  only  one>half  of  a  roof  i 
po-ted.  even  thuA  partially,  to  the  wind.  Prohablr  tbe  force  in  nnch  cases  varies  anproxii 
sines  of  the  angles  of  slopes.  AccordinK  to  ob.<«efvation<t  In  Liverpool,  in  1860.  a  wind  of 
hour,  prniuoed  a  pres  of  14  Ib«  per  sq  ft  afcainn  an  object  perp  to  it;  and  one  of  70  mi 
(the  severest  gale  on  record  at  that  city.)  42  1b%  per  sq  foot.  These  wnnid  make  th«  p 
more  nearly  equal  to  the  square  of  the  vel  in  miles  per  hour,  div  by  100 ;  or  nenrlv  twio 
given  in  Smeaton's  table.  We  should  ourselves  fcive  the  pref«»rence"to  th«»  Liverftool  oIm« 
very  violent  f(K\e  in  Rcntlnnd.  rfl«ist4>red  bv  an  exoellont  anemometer,  or  wind-gauge,  4 
ft.     It  is  stated  that  as  high  as  55  lbs  has  been  observed  at  Glasgow. 

The  CAnire  at  Olrard  Colleire,  Phllada,  broke  nnder  a  st 

J^.f  per  sq  ft ;  a  tornado  panning  at  the  moTOent.  w\\Y>\n  Vi  wAVa.  • 

Bjr  larernion  of  the  foregoing  rule,  it  the  toroe  \u  Iba  pax  B<vtt,\M  iaa\\.\k3  W^,>Ata «\t 
will  give  the  vel  in  miles  per  honr. 


•  fhf  writer  chinks  «  Ih<  p«r  aq  foot  of  ordlnorv  donKlr-«<oT»^«g  roofm.w  \%^)aTm  a 
^leat  aJJo wanoe  for  pres  of  wind.    See  TaVAa  4,  y  SOY  *,  a\»o  Suow ,  ^  l>\». 


^^^^  HTDR0STATIC3.  6^1 

'EVAPOEATIOH,  FILTRATION,  AND  LEAKAGE, 

Th«  MUiHiiat  of  evnporntlon  fnjinSBrftceii  or  »iiler»Jiioi 

■  4i>UJ<>T»<iI.l3isi;n:  priiiHI>ii»ialliii>iirUliu.iiT'lft7liii. 
By  Hnnio  trinia  by  Ibe  writer.  In  Ibe  tr<iplrB,piiiidiof  pun 


ItM^Htntior  Al>iob  EscIlniiboliTar,  Bub  lUUmuU,  ksnw,  ire oF  •«;  Uaii MM, 
■dUfe  HoampmnliHr  6y  DTDBmidt  uT  tAv  filrVBBMHWH  oT  Ihe  Due;  Hieb  v  tM  dFplll.«(iioi«rm 
Id  nuan  oribe  wui^L  |w«d.  te.  ■btoliflwvdiia  tbfl '"Wr- de.    Buh«li>»  Lbi  IMiL  mBWUl 

ilB.  reservnli*.  Ac.  tt  Is  luiul  ta  comMne  the  low  br  avapoisltonf 


K.  H.  4dlll.  €  T:  atntfii  Ihe  uTiiraK'C  evnporHlfon  hikI  flltm* 
flon  oil  Ihe  Nnnilv  nnd  BeHVer  vhiliiI,  ittiiii.  :ir  HHIerpiii^    j 


""■■Iw  Mtnl  Kvenure  Imib  from  rmerTolni  of  nMHlrrnt«  deplliB, 

ligMtf-  r.p.l.-n  ri.li..  M  oonmraMd  XiD  p^nr  w™,  »d  -ell  »iu«  h.  ilu.  .Ill  wugA 

-[  Vac  l«*n  rmin  rtltrhwi.  or  rhnnnnlii  at  nmnll  nmi.  !•  nmb 
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Sioint.  At  nny  given  depth,  the  prea  of  water  is  equal  in  erory  directlcm;  mhI  iiti 
lirect  pri'ixirtioii  to  the  crrf  depth  IhsIuw  the  sui'f.  lu  all  cades  wliatever.  the  tutol  yM 
of  quiet  water  Hgaiiirit,  and  pcrp  tu  auy  surf,  ia  equal  to  the  wt  of  a  uiiifuriu  cvIumb 
of  water,  tlie  arua  of  whutte  crosit-Hectiun  parallel  to  its  luuie,  is  everywhere  equal  tu  the 
area  of  tlio  biirf  presucd ;  and  whose  height  i8  equal  to  the  vert  depth  of  the  ets  ^ 
arav  of  tlie  surf  prcdsed,  lK>IiiW  the  hor  surf  of  the  water.  This  fact  is  oneoftluiN 
Iiitportaut  oiii'D  of  frLMjucut  appliciitiou,  which  the  young  stuilent  should  iupnii 
firmly  upon  his  memory.  The  wt  of  a  cub  ft  of  fh)»h  water  is  usually  sasumed  to 
be  62^  lbs  avoir;  which  is  Huflicieutly  correct  for  onlinary  engineering  pnrpuMi; 
although  62^4  ia  nearer  the  truth  for  ordinary  temperatures  of  about  liP  Fah.  Uence^ 

To  find  the  total  pres  of  qnlet  water  apTAinst,  and  perp  to 
any  snrf  whatever,  as  a  dam,  embkl,  lode-gate^  die.;  or  the  boltmn,  tidf^nrUip 
qf  any  eont'iining  resitfl,  voaUr-pipt^  dk,  whether  said  turf  be  vert,  hor^  or  ineUmtdit 
any  angle  whaievrr ;  nr  whether  it  be/lat,  or  curved  ;  or  whetfter  it  readi  to  the  surft^ 
the  water,  or  be  entirely  below  it : 

RiTLB.  Mult  together  the  area,  in  aq  ft,  of  the  rarf  preued ;  the  vert  depth  In  ft  of  Its  era  of  gm 
below  the  aurf  uf  the  water;  aud  the  conatani  nomber  62.5.  The  prod  will  be  the  rcqdpraii 
poands.* 

Ex.  1.  The  wall  A.  Fig  1,  in  50  ft  long ;  and  the  depth,  no,  of  water  pressing  against  Its  vert  baAli 
nniformlr  10  ft.    What  prcs  dovs  the  wall  sustain  ? 

The  area  of  surf  pntsned  is  50  X  10  =  500  sq  ft.  And  the  vert  depth  of  Its  oen  of  grav  below  thsMif 
of  the  water  is  3  ft;  hence, 

500  X  5  X  62.5  =  156250  pounds,  or  about  70  tons,  the  pres  reqd. 

The  pres  in  this  ease  being  pen  tii 

vert  surf,  id  horizontal ;  teuiliug  wkr 

TtV.      £L^yA  fe^i^aa  to  orcrturu  the  wull;  or  to  nsksil 

slide  oo  its  ba^io.  The  center  ofwH^ 
nre  Is  at  c ;  or  ^  of  the  rsfft  wpik, 
from  the  bottom. 

Y.X.  2.    As  in  the  forcgolaf  tm. 

the  wall  B.  Pig  1  >^,  is  M  It  long;  sal 

*    the  rerl  depth  of  water  is  10  ft :  ksilt 

presses  against  tlie  s/opteir  side  sf  lit 

wall ;  n  o  being  15  fi.    What  b  tkt 

total  pres,  or  the  pres  perp  lo  as; « 

In  the  direction  of  the  arrow? 

Here  the  area  of  surf  prenned  is  50  X  15  =  750  sq  ft.    And  the  vert  depth  of  its  ocn  of  grsT  Wat 

the  surf  of  the  water  U  5  ft,  as  before  ;  hence, 

750  X  5  X  62.5  =  234375  pounds,  or  about  105  tons,  the  total  pres  reqd. 

The  oen  of  pres  as  iMifore.  is  at  e,  %  the  depth,  from  the  bottom. 

In  such  cartes,  the  total  pres  perp  to  n  o,  may  b«  considered  as  resolved  into  two  pressnrfls ;  tstrf 
them  actiug  hor,  either  to  overthrow  the  wall,  or  to  make  it  slide;  and  the  other  acting  vart  to  boll h 
in  its  place.  Aud  if  the  xltiped  liue  n  o  be  taken  at  any  scale  to  represent  the  total  pres,  then  wUllkt 
vert  line  m  o,  measured  by  the  saiue  scale,  reprexent  the  hor  pres ;  and  the  hor  line  in  n.  the  Kit 
one.  Sec  Art  :u.  Force  in 'Rigid  Hodies.  Therefore,  so  long  as  the  vert  depth  of  water  remains  At 
same,  the  hor  pres  remains  the  same,  no  matter  what  may  be  the  slope  of  no;  but  the  vert,  asviD 
as  the  total  pres.  will  increase  with  n  o.     See  Art  4.    In  Fig  2.  the  pres  tends  to  lift  the  wall. 

Rrm.  1.  Thii  total  pres  of  the  water  is  of  course  diatribu(e<l  over  the  eutire  depth  of  the  wettri 
part  of  the  back  of  the  wall ;  being  least  at  top.  and  gradually  inoreasliii;  toward  the  bottom;  betn 
far  as  regards  the  tiuiteil  action  of  every  portion  of  it,  in  tending  to  overthrow  the  wall,  consldifcdM 
a  single  mass  of  maxoiiry.  incapable  of  beiui;  bent  or  broken,  it  may  all  be  aanumcd  to  he  appUedst 
c:  dUt  from  the  bottom  of  the  water,  ^  of  its  vert  depth  ;  or,  which  amounts  to  the  semethli^tt 
}£  of  the  slopin)!  (list  o  n.  Figs  1 4  and  2.     See  Art  57,  of  Foroe  in  Rigid  Bodies,  p  482. 

Rkm.  2.  It  followN.  from  the  foreipolnir  rnle,  that  the  aiBoaat 
of  pres  of  water  Hsminnt  any  einrf  tst  entirely  independent  ef 
the  qnantity   of  the   water,  ro  long  ns  the  nrea  presseoT  and  the  Tcrt 

depth  or  its  cen  of  grav  below  the  level  surf  remain  nnohangrd.  The  wall  A  or  B  would  sastahiss 
great  a  pres  from  a  layer  of  water  only  an  inch  thick  behind  it.  as  If  the  wat^r  had  extended  task 
for  miles.  From  this  oansn.  retaining-walls  of  mortar  masonry  carelessly  backed,  have  bewi  b«l|sd, 
and  oraoked,  by  the  intiltration  of  rain  behind  them ;  while  walN  of  drr  maHonry  woald  have  psr* 
mitted  the  water  to  escape  through  the  open  jointi ;  and  would  therefore  have  stood  safelv. 

Also  in  vessels  a,  h.  Fig  2*^.  of  any  size  or  shape  whatever,  if  they  eaatall 
~  the  same  v»»rt  depth  of  water  ;  and  have  equal  bases  o  o,  pn^ssed  by  said  depths 

of  water,  the  pressures  on  the  bases  will  all  be  equal,  withont  anv  regard  IS 
the  qnantity  of  water.  Or,  if  we  have  two  water-pip«M  of  the  same  irilara.  bsih 
full  of  water,  one  standing  vertically.  10  feet  long ;  and  the  other  30  nitaslsef, 
andlaiilatun  inclination  of  }4  ft  per  mile,  so  as  to  make  its  itsrf  depth  of  watsr 
also  10  ft,  then  the  pressures  at  the  bases  of  the  two  pipes  will  be  tkeraisSi 
This  pres  of  water,  independently  of  its  quantity.  I*  called  the  kj^dmalmtie par- 
adox. In  the  vessel  a.  the  pres  on  the  base  is  much  greater  than  the  wtof  tM 
water;  but  in  h.  it  is  less. 

Bbm.  3.    Sinne  the  pres  of  water  aga\nRt  anj  v^^^^  <*'  * %wt,  \»  *t  right  anglea  to  that  petat.  It  W- 

•  This  is  fltrfctlv  true  as  regards  the  pres  of  the  voter  olofns :  %^^V^A*\%w%\\x  »\^\\v^>*tw5taA. 
But  it  muH  be  borne  in  mind  that  the  surf  «1^^* '"^^^^l^^*!^*^:;*^^  Sl^J<^J?t^^ 
extent  f  near  the  I^vt-l  of  the  sea)  of  about  \4.1  J*  V«  •^^^^^'^'^'^^^S^^^^^^S^iJn^ 
rfier*.rore.  to  And  f  ho  true  totnl  prea.  we  shouW  wnM  ^^  *^*}^^;Jw\:S«S?JS2^^ 
LT  211 7  tts ;  and  add  Che  prod  to  the  watetpte*  fl^^^eu  ^>?  ^-^^  ^^-  ^u\.\».  wa»M,  vnuiMiiqj- 


a 


»oo  0 
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»TION,  FILTRATION,  AND  LEAKAl 

•mil  »<  <'iii]M>riiii->ii  Irom  ■nrlbccn  of  wnt 


"fti"i 


Ipoplra,  poaSt  orpnn  vaMr 


<ll.  C  E>  fitnteii  the  iiwm«e  CTknamtion  onil  Bltm* 
le  ftondr  and  Benvcr  ckuiiI.  Ohr<n.(3»  ri  viilr  at  omcKar- 


.™..M— « - - jmcB  a  Jn»jpfr 

tttlutK*  of  uniU  bed.  luid  dvaporaUsn.  ob  EhkIwIi 

:<|1inl  Iiiii  nniil.  {«,  »,  uvltn.:  ii  100  nil  n  pir  mile  |»r  nin  ^  of  IHMOiubn 

DPlnnnredlvlmlan  of  the  Pennsj'Irnnln  ranala.  nhpn 


•I  RTcmiEfi  Inum  fkvni  renervolm  of  moderate  donlba, 
■  from  dltehes,  or  ehnnnolm   of  nmnll   aren.  1"  iniith 


5TDE0STATI0a. 


ir&M„;^jj;,;/'^"e;^^'^''^';'^,»f^;^;'^;^^"^'Vs^^ 
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5)oiDt.  At  any  given  depth,  the  pres  of  water  is  equal  in  every  directlcm ;  ftod  If  In 
lirect  proportiou  to  the  oTt  depth  beluw  the  sui'f.  lu  all  cases  whatever,  the  tutal  prM 
uf  quiet  water  Hgaiiidt,  and  perp  tu  any  surf,  is  eqnal  to  the  wt  of  a  uniforui  uuluuiu 
of  water,  the  area  uf  whose  cross-section  parallel  to  its  base,  is  everywhere  equal  tu  the 
area  of  the  surf  presstnl ;  and  whose  height  is  equal  to  the  vert  depth  of  the  oen  of 
arav  of  the  surf  presided,  beluw  the  hor  surf  of  the  water.  This  fact  is  one  of  those 
Important  ones  of  fre(juent  application,  which  the  young  student  should  impress 
firmly  upon  his  memory.  The  wt  of  a  cub  ft  of  fresh  water  is  usiially  assumed  to 
be  62^  lbs  avuir;  which  is  sufficiently  correct  for  ordinary  engineering  purposes; 
although  &2%  ia  nearer  the  truth  for  ordinary  temperatures  of  about  70*^  Fah.  Hence, 

To  find  the  total  pres  of  qnlet  water  afrainst,  and  i»erp  to 
any  snrf  whatever,  as  a  dam^  tmbkL,  lock-gate^  dxi;  or  the  boUon^  tidty  or  top 
of  any  cont'iining  vessel,  voater-pipe,  <fc,  whether  said  turf  he.  vert,  hor,  or  inclined  at 
any  angle  whalevtr ;  nr  whether  it  heJUU,  or  curved  ;  or  whether  it  reac/t  to  the  snrf  of 
the  water,  or  be  entirely  below  it : 

R01.B.  Malt  together  the  area.  In  iq  ft,  of  the  lorf  preued ;  the  vert  depth  In  ft  of  Its  sen  of  grsT 
below  the  surf  of  the  water;  aud  the  constant  namber  62.5.  The  prod  will  be  the  reqd  prei  ia 
pound*.* 

Ex.  1.  The  wall  A,  Fig  1,  Is  50  ft  long ;  and  the  depth,  no,  of  water  pressing  against  its  vert  baek  is 
nniformlr  10  ft.    What  pres  does  the  wall  sustain  ? 

The  area  of  surf  pressed  is  60  X  10  =  500  sq  ft.  And  the  rert  depth  of  its  oen  of  grar  below  ths  forf 
of  the  water  is  5  ft ;  hence, 

500  X  5  X  68.5  =  156250  pounds,  or  about  70  tons,  the  pres  reqd. 

The  pres  in  this  case  belne perp  to s 
vert  surf,  id  horizontal ;  teudiug  either 
to  overturn  the  wall ;  or  to  make  it 
slide  on  its  base.  Tho  center  of  presa* 
nre  Is  at  c ;  or  ^  of  the  vert  aqjith, 
from  the  bottom. 

Ex.  2.    As  in  the  foregoing  eass, 

the  wall  B,  Pig  1 1^,  is  oO  It  long;  and 

"    the  vert  depth  of  water  is  10  ft :  bat  U 

presses  against  thea/opJNgr  aldseftto 

wall ;  n  o  being  15  fi.    What  Is  ths 

total  pres,  or  the  pres  perp  to  no;  or 

In  the  direction  of  the  arrow? 

Here  the  area  of  surf  pressed  Is  50  X  15  =  750  sq  ft.    And  the  vert  depth  of  its  oen  of  grav  bdov 

the  surf  uf  the  water  id  5  ft,  as  before  ;  hence, 

750  X  5  X  62.5  =  234375  pounds,  or  about  105  tons,  the  total  pres  reqd. 

The  oen  of  pres  as  before,  is  at  e,  >^  the  depth,  from  the  bottom. 

In  such  caries,  the  total  pres  perp  to  n  o,  may  b«  considered  as  resolved  into  two  pressures;  oaasf 
them  acting  hor,  either  to  overthrow  the  wall,  or  to  make  It  slide;  and  the  other  acting  vert  to  hold  it 
In  its  place.  Aud  if  the  sloped  Hue  n  o  be  taken  at  any  scale  to  represent  the  total  pres,  then  will  the 
vert  line  m  o,  measured  by  the  same  scale,  reprexent  the  hor  pres ;  and  the  hor  line  m  n.  the  vert 
one.  See  Art  :U.  Force  in  Rigid  Bodies.  Therefore,  so  long  as  the  vert  depth  of  water  remains  the 
same,  the  hor  pre:*  mraaina  the  same,  no  matter  what  may  be  the  slope  of  no;  but  the  vert,  m  wdl 
as  the  total  pres.  will  increase  with  n  0.     See  Art  i.    In  Fig  2,  the  pres  tends  to  lift  the  wall. 

Rkm.  1.  Thin  total  pres  of  the  water  Is  of  course  distributed  over  the  eutire  depth  of  the  wetted 
part  of  the  back  of  the  wall :  being  least  at  top.  and  gradually  inoreasiiiit  toward  the  bottom;  bat  so 
far  as  regards  the  united  action  of  every  portion  of  it.  in  tending  to  overthrow  the  wall,  considered  as 
a  single  mass  of  masonry,  iDcapable  of  beiui;  bent  or  broken,  it  may  all  be  aaaumcd  to  he  applied  at 
c:  dist  from  the  bnttoro  of  the  WHter,  %  of  its  vert  depth  ;  or,  which  amounts  to  the  same  thing,  at 
^  of  the  sloping  dixt  o  n.  Figit  V4  and  2.     See  Art  57,  of  Foroe  in  Rigid  Bodies,  p  482. 

Rem.  2.  It  folio wn.  from  the  foreipoinir  rnle,  that  the  amonnt 
of  pres  of  water  asrainHt  any  surf  Is  entirely  Independent  of 
the  qnantlty  of  the  water,  ro  long  ns  the  area  pressed,  and  the  rert 
depth  or  its  cen  of  grav  below  the  level  surf  remain  unchanged.  The  wail  A  or  B  would  snstain  as 
great  a  pres  from  a  layer  of  water  only  an  inch  thick  behind  it.  as  if  the  wat^r  had  extended  bsok 
for  miles.  From  this  cause,  retaining- walls  of  mortar  manonry  earelensly  backed,  have  been  balged, 
and  oraoked,  by  the  intiltration  of  rain  behind  them ;  while  walN  of  drV  masmnry  wAold  bavs  per- 
mitted  the  water  to  escape  through  the  open  joints ;  and  would  therefore  have  stood  safely. 

Also  in  vessels  a,  h.  Fig  2>i,  of  any  size  or  shape  whatever,  if  they  enatafn 
the  same  vort  depth  of  water :  and  have  f>qnal  bases  o  o,  pressed  by  said  depths 
of  water,  the  pressures  on  the  bases  will  all  be  eqnal,  without  any  reitard  to 
the  quantity  of  water.  Or,  if  we  have  two  water-pipes  of  the  same  diam.  both 
full  of  water,  one  standing  vertically.  10  feet  long :  and  the  other  20  mllsa  long, 
and  laid  nt  an  inclination  of  ^i  ft  per  mile,  so  as  10  make  its  verr  depth  of  water 
also  10  ft,  then  the  pressures  at  the  bases  of  the  two  pipes  will  be  the  same. 
This  pres  of  water,  independently  of  its  quantity,  is  called  the  hpdrottatie  pnT' 
adox.  In  the  vessel  a.  the  pres  on  the  b«se  ia  much  greater  than  the  wtof  the 
water;  but  in  b,  it  is  less. 

Bku.  S.    Slnoe  the  pres  of  water  against  any  poVtxl  ot  ^invf,  la  at  right  angles  to  that  point.  It  IW- 


a 


*  ThU  ia  Ktriotlr  true  as  remrds  the  pres  of  the  water  oUrna ;  »»4l'^\%\» xkwaiXVx  %\\v\v«\\«  v««L^T*d. 
rt  It  must  be  borne  in  mind  that  the  surf  nt  the  '"*^7\*^^^^TI^*r^^5it,fJ<Vt.?!l^^^ 

«1 7  n>, ;  and  add  the  prod  to  the  waierpres  iV^eu  \J(J  tt^e  xiiift,  ^ux.Vb.«»»mi  «*Ms*i>*«ssi 


?at 
vten 


brihci^aurlD  Uiaui>wiainiifl|iru«v«dDva«Br4ir1UiBWiwarnHlbi;  aadftbiTHr*     , 

lu  Tbe  wtile.  HipihNrin  HI  lta<  dBiiili  «f  Ufl  «u  or  (nT  or  Hid  Mj  Tt  M —  **■- —    - 

tDiTof  lJiHtD|"»r  ih«  vibQ.  vh-uvar  vUd  dqii)<  ikbt  b>pv«  u  bi. 

llMal  (iiH  or  MlnHIIx,' dr  ruU  m  uu.  w-lDti  UKm. 
Art.  X.    Hprfk>!«i   BmMCd   on    bolb  oldrat   and   I 

if^i-l  111  w<-»<-pm  HilitM  »•  nfvodt  fan  n  ■,  v  ir.iffl 
U  Hual  u  III-'  ■!  of  •  nliiMia  ir  irUH-  aHowinlliiii  b  (fHl 
■huM  iiBn  Mchf  li>«Ml  wnn.  ori*.  Ha  hti  <ir«t lirri W Un 

MIIHI  •f.-rrj..  In  fll'lnd  tM  HMIHt  n^  kl  «  rf  I'onli  ft  gT 
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Thli  will  b«  anderstood  by  meani  of  Fig  5.  vhleb  maj  repnWBt  lhr« 

ItUnka.  I,  3,  S,  4,  aud  5,  fonuiug  a  dnm,  aiul  Meu  eudwiM ;  wMb  cue  1  ft 
D  dMpih,  aud  saj  :{0  ft  long  taur :  inaklug  tlie  anw  of  eaeta  Marf  pnMed. 
•qual  to  21)  aq  n.  The  prM  iu  ft*  agnluat  eaeh  aeparaie  20  aq  ft  uf  ans, 
caloulauid  by  the  rule  in  Art  I.  U  shown  In  the  tig.  Now,  theoatward 
pnM  aguiuat  the  upper  immened  "iO  ft  area,  or  that  of  plauk  3.  i«  Sl25ft«: 
while  the  couoter-pres  against  it  trum  the  other  side  in  635  lbs;  naking 
the  excesM  of  outward  pres  equal  to  3l-A—ttib~  2&00  lbs.  Again,  at  the 
loweitt  plank,  number  5.  the  outward  pres  exceeds  the  inward  one  by 
56'2j  —  81 25  =  2500  lbs,  the  same  as  in  the  upper  one.  Aud  so  of  any  other 
equal  area  of  surf,  at  any  depth  whatever :  the  exoi>ss  depeuding  npoa  the 
Tert  height  of  m  n,  will  be  equally  disuribated  over  a  h,  it  only  temaiai 
to  show  that  the  total  exoess  of  outward  pras  agaiuat  a  h,  is  equal  in 
amount  to  the  wt  of  a  uniform  column  of  water  with  a  base  eqoal  in  area 
to  u  b.  and  with  a  height  equal  to  mm.  Thus,  we  hare  sceu  Ibat  Id  tba 
Instanee  before  us,  the  exoess  amouuu  to  S  times  tSOO  lbs.  m-  to  7500  fti. 
Now,  the  wi  of  the  column  of  water  will  be  fO  (or  area  of  «  i>  X  *Mii(or 
2  ft)  X  <i2.5  lbs  =  7300  lbs ;  or  the  same  as  the  exesM  pres  ou  a  b. 
The  exoess  of  pres  against  the  eutirt  side  s  6,  over  that  against  m  e^  ll 
evldentiy  tbe  diff  between  those  two  pressures  calculated  respeotively  by  the  rule  in  Art  1. 

Art.  3.  Sarfacen  or  equal  wldthn,  commencinir  at  tbe  level 
of  tbe  water,  bat  exteiidinip  to  difTdeptbs,  measured  vert; 
and  bavini^  tbe  name  Inclination  to  tbe  sarf  of  tbe  ivater; 
■ufitain  total  prencftares  proportional  to  tbe  squaretk  of  tbOM 
deptbs. 

In  Fig  6,  let  the  two  vert  sides,  a  not,  and  b  m  e  «.  of  a  T«nel, 
have  the  same  width  a  n,  and  6  m ;  then  if  the  depth  m  e,  be  2,  S, 
4,  5,  Ac,  times  greater  than  the  depth  n  o,  the  pres  against  the  surf 
bmca,  will  be  4,  9,  16.  25,  Ac,  times  greater  than  that  against  a  «•(. 
This  will  be  seeu  by  referring  to  the  pressures  figunrd  oi>  tbe  leftside 
of  Kig  5,  where,  as  stated  in  Art  2,  the  surf  of  plank  1.  exposed  to 
the  pres  on  the  left  side,  is  20  sq  ft ;  that  of  planks  1  aud  2.  40  sq  ft; 
that  of  planks  1.  2.  and  3,  00  sq  ft,  to.  All  these  Hurfs  commence  at 
the  level  of  the  water;  and  all  of  them  being  vurt.  are  of  coarse  it 
the  iiame  inclination  with  the  water  surf;  but  their  depths  are  re- 
spectivelv  I,  2,  aud  3  ft.  Tbe  pres  against  the  surf  of  1,  is  C25  Ac; 
that  ai<ain'«t  the  surf  of  1,  2,  is  6254-1875  =  2500;  and  tbata^ntt 
tbe  surf  uf  1.  2.  3,  is  625  -|-  1B75  -^312d =5625.  But  2500  is  /btirtlmes 
625:  and  5625  is  nine  times  625.     And  the  pres  atfaiust  the  entire 

nrf  •  h.  (which  is  5  times  as  deep  as  plank  1.)  is  25  times  as  great  as  that  ai;ainst  plank  1;  or 

S2&  X  25  =- 15625  lbs  =  tbe  sum  of  all  the  presjtures  marked  on  the  left  side  of  Fig  5. 
This  foilowH,  from  the  Rule  in  Art  1 ;  fttr  twice  the  area  uf  surf,  mult  by  twice  the  vert  depth  of  the 

een  of  grav  helow  the  surf,  must  give  4  times  the  pres:  three  times  the  area,  by  three  times  the  depth, 

must  (five  tt  times  the  |>re8,  ftc. 
It  follows,  also,  that  at  any  particular  point,  or  against  any  given  area  placed  at  Tnrinaii  depths,  tbe 

pres  will  iucrease  simply  as  the  vert  depth :  thus,  if  there  be  three  areas,  each  one  sq  ft,  placed  In 

the  same  positions,  hut  with  their  centers  of  grav  respeotivoly  8,  16,  and  24  ft  below  the  surf,  tbe  pns 

agninst  them  will  l><>  respectively  us  8,  16.  and  24;  or  a»  1,  2,  and  3. 

Art.  4.  Tbe  prefisure  of  quiet  water,  in  any  one  iciven  di- 
rection,  against  any  Kiveii  surf,  vvhctiier  vert,  hor,  incliued,  flat,  or  curved, is  equal 
te  the  wt  of  a  uniform  coliiiun  of  water,  the  area  »f  whose  si>oiinn.  parallel  to  its  base,  is  ever>'whers 
eqoal  to  the  area  of  the  projection*  of  the  preated  eurf  taken  perp  to  the  given  direction ;  and  tbe 
height  of  the  column  ciiuiii  to  the  vert  depth  of  the  cen  of  grav  of  the  pressed  surf  below  tbe  npper 
lorf  of  the  water,     iloiice  the 

Rule.  To  find  tbe  pren  in  lbs,  mnlt  together  theftrm 

in  sq  ft  of  the  projofitlon  takeu  at  ri^ht  angles  to  the  ^iven  direction;  tb« 
vert  depth  in  ft  of  the  cen  of  grav  of  the  pressed  snrf  below  the  upper  surf 
of  the  water :  and  the  constant  62.5  As  wt  of  a  eab  ft  of  water. 

Kx.  I^t  mean.  Kig  7,  be  an  iuclined  surf,  sustaining  the  pres  of  water 
which  ia  level  with  its  top  m  c.  Then  the  lotoi  pres  asrainst  mean,  and  at 
riitht  angles  to  it.  as  found  by  the  rule  in  Art  1.  is  an  illustration  of  the  pres- 
ent rule;  because  the  projection  of  mean,  taken  at  rii^ht  anKles  to  the  given 
direction,  or  parallel  to  m  c  ■  n.  is  in  fact  m  e  «  n  itself,  or  equal  to  it.  Heneo 
the  rule  in  Art  1  is  merely  a  simple  modifloation  of  the  present  one,  an^U* 
cable  to  tbe  case  of  total  pres  against  any  surf. 

Bat  if  it  be  reqd  to  Und  only  tbe  vert  or  downward  pres 

aicainnt  in  c  ft  n,  iu  pounds,  mult  toi2:Hther  the  area  of  the  hor  pmjection  aocn 

in  sq  ft;  the  vert  depth  in  ft  of  the  oen  of  grav  of  m  es  u  below  the  surf;  and  62.5.     Or  if  only  the 

jbor  pres  agaiust  mean  be  souKht.  mult  together  the  area  of  the Tcrt  prqjection  a  o*  n;  tbe  vert 

depth  of  the  oen  of  grav  of  m  c  «  n:  and  62.5. 

In  Fig  8  also,  the  total  pres  aaainst  e/0  A  is  found  by  rule  in  Art  I :  while 
the  Aor  and  vert  pressures  against  it  are  found  as  in  Fig  7,  by  using  the  pmjeo- 
tions  efki,  and  high.  In  Kig  7  the  vert  pres  is  downward:  while  in  Fig  4 
it  is  upward ;  but  this  circumstance  in  no  respect  affects  tbe  rule. 


Rkm.  1 .  It  wUl  be  observed  Iu  both  figs,  that  the  vert  prt^eotions,  aosn,  efki, 
will  remain  the  name,  no  mattar  wYiaX  t&ws  \m  X^  VnaUnatlon  of  tbe  pressed 
P  u  r fs  m  c  «  n.  and  e  /  g  b ',  ibe  A««tw  ot  \\wSVii»l\«fc  >.\)At«lQta  ^a»  uati  Inaaence 
the  hor  prea,  but  only  tbe  totol,  aaA  iXia  ««n  OM*. 


•  See  Pro^BoUon,  Vu  wt  ^ommi< 
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pill,  Im  Fie  e  npnaeni  ik  oohIckI  veaael  fall  of  walert  a 

h«  IMMOf  meurvjJilMMBi  ildg  will  In  "•''"  "^  '""'  =  *,gi  iq  ni  uil  ibi  /■ 

irsiai  orua  DID  DrtiUiir  Ua  iIuUdi  dOn  sUI  w  at  nD-IUrti  DF  lU  ISI     1^—* 


'B}^i         I^ 


Er!'".%r"i.W'jL°^.ft"^^^ 


;  U«  dirib  ur  [S«  mo  It  (n.<  Dt  uc  DuiHa  •DIF 


»5« 


But.  a.    IT  ■  brldite  pirr,  er  other  Comalrvettiin. 
riK  lO  U,  b«fapod«il  on  >nnd  or  «rnv«l,dTonHn>  kind  dI 


BBS 

it 


am*  If  ib«  RinDdAil*n  be  on  »«k,  cDnHd  with  ■  ihvu       {\j| 

MlTblTprnlDnl  ;?DE  dd  lbs  ODDInri,  lh>  (m  i>n*  DnxDiirD,  iVM-r-"-  -■--■-' 
UrlDi  nMeii  rf  lit  pier,  una  l»  lu  oWau.  •Ill  t>Dd  u  bnM  h  diiiD, 


il  im- 

<r  fln< 


mid  hor  Ctav, 


Ejll 


>r  aarf.  nhellier  verl  tm  abe  r{,orlw 


*llnMl  HOmnapi,  FlKll.whiH  

thenBrf  ofthe  w»t«r,  Ui  lind  nnr  nnmlHir  of  tiolnUi,  rw  l,X.  Jke, 
tl>rOH«ll  wllt«h  If  borliiieii,  Hit  I »,  S:r,  «c,  be  driiwn,  Ihpy  will 
divldo  the  Klven  anrf  Inio  Mmnller  recMBiEV«k,KVV  vA-vVMS 
■hull  j>n*>aln  ^qnol  prrs»nrTfl>. 
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t  e  or  m  p.  ai  tbe  esM  may  bs.  Dir  Oie  prod  by  th«  nambtr  of  rMUBtl«<  The  qootwillbatkiAl 
1 1.  orn  1.  fk-*  tiie  ciwie  may  be. 

For  the  diat  b  2,  or  n  i,  prooaed  in  preeiwly  tbe  aaiiM  way;  only  Instaad  of  tfao  nnnibor  I,  mo  tbi 
number  'i  to  l>e  mult  by  tbe  number  of  reounglos:  and  w  um  saooeuivcly  the  niimbon  S,  4, 6,  ta^ 
if  it  be  rci{«l  to  fiml  tbat  number  of  points. 

Ex.  Let  ft  c  -  10  ft ;  aud  let  it  be  reqd  to  find  2  points.  1  and  2,  for  dividing  tbe  reetansniar  Mif 
abed  into  3  rectangular  paru,  which  shall  sustain  equal  pressures.    Hare  we  haTO  for  poiBt  1, 

1XS  =  S.    The  sq  ft  of  3  =  1.732.    And  1.732  X  10  (or  fr  e)  =  17.32.    And  —J!**  .    =S.T7m=il. 


Sraotanslos 
U.4B 


S  rxwamlea 


=  8.16inslL 


For  point  2,  we  have 

2XS  =  <.  The  sqrt  of  6=2.448.  And  2.449 X 10 (or  I  e)= 24.49.  And 

And  so  for  sdt  number  of  points. 

Rem.  1.    This  rnle  will  be  fonnd  nsefnl  in  spacinir  the 
bam  of  loeic-Kratefi ;  tbe  hoops  aronnd  cyliudrical  risimi] 
and  the  propn  to  a  structure,  like  Fi^  3*  Art  1. 

Bem.  2.   For  dividing  any  surf,  mnobed,  Vig  IS.  wtaJcb  Is  net 

reetanitrnlar,  in  the  same   Biann^i 

with  an  aoounuiy  sufHoient  for  most  praoiieal  purposM,  pm* 
haps  tbe  following  method  is  as  oonvenieui  as  any. 

Role.  First  dir  the  surf,  as  iu  Fig  12,  into  aereraliail 
hor  parts,  equal  or  not,  at  pleasure.  Tbeu  by  KuIb  in  An  li 
find  the  pres  on  each  part  separately,  as  is  supposed  10  M 
done  in  the  numbers  on  the  left  baud  of  tbe  tig.  Tlio  son  of 
theMe  (in  this  case  15610)  is  the  total  pres  ag^nst  thoemln 
surf  o  6  e  d.  Now  suppose  we  winh  to  dir  this  snrf  ia4partt 
bearing  equal  pres;  first  div  15510  by  4  =  Sb7H.  Thea  licghh 
ning  at  the  top,  add  together  a  noraher  of  the 
presRures  safllolent  to  amount  to  38TH;  by  this 
point  1.  Then  proceed  with  the  addition  ontli 
amounts  to  twice  3878,  or  7T50.  whieh  will  indicate  polMl; 
anil  in  the  same  manner  find  |>oiut  9.  by  adding  ap  to  tklW 
timed  3t47H.  or  ll(Kt4.     Then  the  hor  dotted  linejt  ruled  throagfe 

Cints  1,  2.  and  3,  will  give  the  reod  diTiHions  approximal^ 
this  manner  the  hoops  of  conical,  and  other  shaped  Ti» 
■els,  may  be  spaced  nearly  enough  for  practical  porpooei. 


•eparsM 


TotaUi  ssfo^s^ssmsssssss^s^s?^ 


I\^12 


a 


Art.  7.  The  transmission  of  pressure  througrh  water.  W»> 
ter,  in  common  with  other  fluids,  possesses  the  important 
property  of  trausnaittluKT  pres  equally  iu  all  directions.  ThnSf 

suppose  the  vessel,  Fig  13,  to  be  entirely  oI05ed.  and  filled  with  water; 
f  and  iiuppoite  the  transverse  arva  of  T,G.  D,and  K,  tebeeaoheqnaltaeot 

Q  sq  inch.   Then,  if  by  means  of  a  piston,  or  othcrwiiie.  a  pre^  of  1 1^.  I 

ton.  or  any  other  amount,  be  applied  to  tbe  one  sq  inch  of  area  of  T.  Gf 
or  R,  every  sq  inch  of  the  inner  surf  of  the  vessel,  and  of  the  pfpeOi 
ill  instautly  receive,  at  right  angles  to  ibielf.  an  equal  pres  of  lb.  er 
ton.  ftc:  in  addition  to  tbe  pres  whieh  It  before  sustained  tnm  tkt 
water  itself;  and  this  will  occur  if  the  vessel  oonsiKt  of  ports  even  nilM 
asunder ;  an,  for  ioAMnoe,  if  T  were  mile*  dij<tant  from  E :  and  untied 
to  it  by  a  long  oeries  of  tubes.    If  the  TPR»el  were  a  strong  steam  boiler 
full  of  water,  a  single  pres  of  a  few  hundred  pounds  at  T,  C,  fte,  woold 
buriit  it. 

The  bydrostatie  press  acts  on  this  prin- 
ciple.   Any  body,  within  tbe  Tessel,  wonid  %lao  reoeiTO 

an  equal  additional  pres  on  each  sq  iuch  of  its  surf. 

If  the  top  of  T  he  open,  tbe  air  will  press  upon  the  sq  inch  of  tbe  expaoed  snrf  of  water  to  tlie  eztenl 
of  nearly  15  lbs ;  and  the  same  degree  of  pres  will  also  be  transmitted  to  everr  sq  Inch  of  tke  intorisr 
surf  of  the  ve-(sol,  and  its  connecting  tubes :  but  no  danger  of  bnivting  will  result  trowi  tbh  ■tao' 
spheric  pres,  bcoan^ie  the  air  alM  presses  every  sq  inch  of  the  outside  of  the  vessel  to  tlte  aamo  extent. 

Air,  and  other  iraseons  fluids,  transmit  pres  equally  in  all 
directions,  like  liquids;  but  not  nx  rapidly. 

Art.  8.    Tbe  center  of  pressure.    Let  91g  14 

represent  a  renspl  full  of  water,  and  suppose  the  side  P  to  l)e  perfectly 
loose,  so  as  to  he  thrown  outward  by  the  slightest  pres  of  the  water  tnm 
within.  Now,  there  is  but  one  single  point,  P,  in  every  sufT  bo  prossad, 
no  matter  what  its  shape  may  be,  to  which  if  we  apply  a  foroe  eqaal  Is 
the  pres  of  thn  water,  and  in  a  direction  opposite  to  ssiid  pres.  tbe  sideP 
will  he  thereby  prevented  from  yielding.  Such  point  is  called  the  e«is> 
ter  of  prantre.  It  must  not  be  nnderstoed  by  thia  that  tbe  aetaal 
amount  of  pres  of  the  water  against  that  part  of  tho  surface  wkieh  is 
above  the  hor  dotted  line  passing  through  P.  ia  equal  to  that  of  tlie  water 
below  said  line:  but  that  the  producu  of  the  several  prewnres  above  It, 
mult  by  their  severaX  Xever^t^,  or  dists  Arom  P,  ar«  equal  to  tbe  pmdMCs 
of  the  pressure*  be\ow,  mnU  \»t  x\»\t  \«x«c«Jt^*,  %t,  tn  other  wards,  thai 
the  ntomenfs  aronnd  t^e  \vo\t\t  Y,««  \Vft  \it*ww«  ite««%  ^te>w,«« 


^gl4- 


eaaal  to  the  taowmts  ot  i\\os«  v«A«w  \x;i»«^».vvl  *\««\v^T^>k\^ 
puaed  entirely  thtowR^XbeaXAe  V.%vV^*«c^  W  « 


flft  the  eqaal  momenta  shore  and  below  tbe  bar  won\A  pxav^ikX.  xfc»«»«ws(«a\w«a»V 
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Pi,  20 


62q  hydbostatics. 

•.    Irt  But  Ihe  am  ot  i>na  wisn  illliv  B  dmlH,  DC  n  tlHstlm  inf.  piimj  >■  m  iMnJj. 

Tb>  iiri  dill  or  ikicaml  >u  ptawd  aiuf,  to>i>  u>  vbui  luf;  i. 

Art.  to.    Walls  for  ronlatlnK  Ifaepretor  qnirt  mier.    A  stndr 


U:       O  n  X  pnod.  lor  Id  coduol  .9U.  u.>  ..ht;)  half  the  M  £»    I 

.  Ill  tvt  ffllH  mil  la  int.  u  id  flc  lO^t,  U^  Tini  )>  la  i>l  mona  liii  Uiaa  abai  II 


?^"t'S 


'-^c      L      y    ■      l^™'w^T^!3!.lll»B^S™a('IIBbut!^5^U■aUla'IJ15■ 
V5     a      (  111  wt  X  (ulavanaaqj.    fly  idd  fiT  a  dn^lH  la  a  aaala.  m  ■■r*> 

j^n  21       ryti"w°°,ii'hS'f°SS^°Tr^J''li^'s'i/i."ua^ii'i2£ 


—                 — ,  wnll,  FiKS3,ansti>lulm|tqnletwi>t«rl«velir 

^^y-.-  '^  IM  ton.  nnd  <u  d«¥p  im  tli«  wall  l»  ktgb  t  m 

^^rf  -Zt  ta  rpHlHt belna' ovcPtnrnfMl, 

■^ZjrzJh'^  .'  Bdii.    niTihinDiiMiI.i>Tl>l.l.I.<»'««.'>«'^lni'attiai*i4ilu 
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BI.E.  ToOndthet 
r  DS  dpcp  oa  llie  w 
ncorr«.poDdiaffi 

Icknewiafn 
nil  in  blgb « 

mult'lUe  U« 

uslaln  (inlet 
Kbl,  la  reel. 

1 
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™?' 

fssp 
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B  walTts  talgb  t  M*  tui  to  realat  belnv  overlnmcd. 

■JiTrHa'/>  muU  Iho  Ihtnkiwiw.  n*  •,  ar  »  TPrt  »»ll  bv  1,913- 


top,  nnd  tu  d««p 


R^23 


■ictbel»bb:lU 

■i;x,m^i^^s^. 

the  IrmuguUr 

all,    (Origliuf.) 

=« 

SyfcS- 

S||S;- 

'"°;K^£r'^ 
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si 

:!« 

JU 

iw 

■l»eB  bMtteri  l«  suBlaIn  the  pre«  /         \^= 

le«  irater  lecel  witb  Its  tap.  »nd  ur  /         i^ 

«n  Ml  the  wMI  !■  hlBhl  mo  im  Ut  "^--,^    fi  i 

I  ielns  PTerlomed.  o*i*f.  r"— 

I  «juiir«lpj'l.«rliJT*M."r.*=j'»™^l"'»"'"  -1  ■All,  I     1   ^ 


"Sv^iN 
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TABLE,    nnit  btilKlK  at  witll.  ar  «r  tbe  water,  by  thi 
■pontllKK  nnniber  In  tbe  tablet  tttc  pr*4  will  be  tbe 


Art.  14.  Toand  tbp  thlckneBsuiz 
biueof  ■  wnll,  Flfciia.  bnttertnic  «qn 
the  Atce  nnd  on  the  bnck  ;  itad  siul 

Sal«t  water  level    wllb    lis    t«p; 
eep  ■■  Iba  wall  !■  blsb  i  NCKteel 
vert  prea  i»r  lb<         ' 
bark  0«*    From  Ji 


—   Iba  wall  !■  blsb  i  Nesreet 
prea  nt  tbe  water  bpon  the  b 


tn'KMi  m  minnuiil  toftilW  tU.  InnHad  of  I  >«  UmnrtftiiciDal  eiarunlBii  mih^  c 
ha  nie  l>  (nB  Iiiiilaiin'i  "H^  nr  PnRlul  Un."     Ill  iiitli  n-»  bit  t*  li-r 

TABLE.  Mnit  vert  height  oTwitll.er  of  the  water,  by  t 
reapendluK  namber  In  (he  table.  TheprdH  will  belhi 
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Art.  15.     Tb*  followtnK  table  |alib«nsh  nal  B«rnptilan*Ir 
>wrret,  HliowH  boH  ([rently  Ibu  t-uMy  uf  m  wall  Bu»u>lnlii|f 
■ler,  i»  BHecteal  by  It*  lUrmt  (lie  quniitlty  «r  inHifanry  re- 
lalnlnff  Ibe  umc.     II  vll]  tw  olxcrviid  l£r.l  Uib  reit  mall  k  ll»  leul  nfs 

In  France  are  dun  wsU-  rrou  40  to  70  H  blKta,  with  buo  gf -jV 
.  Mibl:  U..  fK.  ta>»rl.i  A  »<  ■"  "1"' ;  "•  *«*-  «•"-  ""^  "'■  "<-  I™—-  «»<[ 
n.    TbaeeoiTeiimd  li>H(j.liorihorDllo.lDi  libit,  for -blch  lit  nilii  I.7*.    Hut  If  llw«il>r 

lOtlelial.) 
UHUriimlioat  lben«>j«d£irr"»icbBi«rurn1>^k.    K 

ss 

^ 

1 

4..4-,i4,.||p;.;:: :::.:. :;:;::0 

11 

:    :     ::    :   SB"-  --=:^E^ 

Buk  ud  (u,  «cb  bHUr  ODCHsU  brtibl 

;;       ;;        -       ;;     om-kib      ;;    

r 

»^. 

^Iln  k«InJil«i.    Tin  IblikiH.  of  I  virt  iiU  or  lUi  nina  If  tn>,  ID  binir  MnK  mw, 

UClalwIbuiHUiMtilil,  Ib>>iUI>i>(nii'kn  ihi  winr  prfw.  Hi  .fniMt;  hil  ff  iM 
K  l>  >r«in  ia»^  u»  bUfbi.  It  ii  nn»  >itb  ibi  luv  CI  ut  b.iKc<ri  .lu.  mu,  »«  ■ 
M  dF  ,S  bolfll.  lE  li  ulir  Id  Ibi  impmhiD  ir  1)|  u  1. 

We  bttv«  niied  the  rxprewilon  "■nfti."  Inalend  of  "■trcnvl" 


I  AfM  (•yllnAvr.  t«  rrslirt  aaMy 
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Url>H»^vIM  tmnttri  htmUitti  tmt  (ba  u4gi  Mc^  uwUuk  iLait  mmtmll 
-*i  fna  ImaTT  loM^  arapudif  tUtm  Id  Uw  nnobi  «r  fnm  Irtonlu  HUlflanu  «f  fte  tiU  I 
I  ihaj  sn  IbIJ,  Ub^vrvKlluq  Imdi  tl4  vrIRr  lo  oinl  lbs  rOlfevLDa  iirldiiluii4  u  (b>  (bHn 
KkkBhiH  nlnlkbd  b¥  tb«  ffrnplnv  rmla.  Bod  ciHlHIH  In  tba  fultavLuc  tbU«.  Add  u  ha 
■U.  r*D?lj.°l(Ikli  ibUkBiii  li  M^  Vt^'n  p!?lor  IHnon'ortb'uul.ml'n  loi.uul 
!•  uU  K  p>rt>  Tb>  PtroB(»l  |.l<ci.  IC  UUaiiii  klfh  mCinlbiniW.  irquln  >  in7  m 


OP  brexkic  "tpenf(th  of  ordtKBiT  esBt  IntB  to  be  ISOM 

IlHt  per  Ufa  Inch )  And  IM  nnfe  BtrenrtD  ofX  to  1  uslnst  qnlc4 
pre*.  ffOOa  lbs.    If  H  Mfi'tripf  moi«  than  3  to  1  It  mud,  m,  for  Imtunre.  om 
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.»[mi™]™|»,|  'm'™"  ml   ™].m|i«|™|™|« 
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dJtm  lb  liabu.  ute  U  ^I'U  u  iiU  .liU  |wl.< 
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iar  lhb>D<->  li  E«.IIH<itiiulniiti,    XU\u.lb\<W>>  niuSA  tiiib  i  bai  u  IbU  ■•  >«■ 
rnoh:  mtdaliMB  Uta  la  irMtn  lttiuiHVWA,nn««e  ^Aa  ^>^Avu  vnVW^.  ^1^«iAr 


^J^u^ 


t  HTDItOSTATICa. 

Tint.  9.    mmn  nl|ies  tanT«  fn  benr  Itm  percnsatvo  cflbct  pro- 
dMeed  by  ■nddenljr  nrmtlni;  ttae  How  of  the  wnt«r, ' 

Biat.  S.    The  theoretical  UilekneBa  Wonlil  be  loo  •mnll  Tor 

varr  thin  lend  plpeB,u»idLu  for  Iron  giici.lluuTiini^biulher  would  Iwiit  | 

UpiI  u  bi  aiiu  Bi.  pgr  iq  IniTti.  sr  M  pr  lu  ulilmiUi  iinugUi,  ibiu  ih>  iliBurrUiuI  ulUnmluiA  h>f|. 
DfKlMiIiub.tsiiuuliiuIilj'Mbndoriwrnl,  nnldt*  bnl  .Oil.  nc  ^  «(  u  iHtA ;  ii<  mitIB  . 


Art.  17.    The  bnaynncj'  of  liquids.    Whco  n  body  li  fUmi  In 

■fclliiJI,  U  buDf ad  HV  bf  Ibe  llqutd  -ttU  ■  br 


«,  ,.»„»».„..  -^3^* 


..J,  is  In...  ir™m  ibB  hut  fnit  itln>  tn  iVPiialtJ  Imrn  K>p  •  Mi  •!  nu.  U»;  a-iiIbtiiiHlTt. ; 

.[,&■•>(  ■*«rdU|ikH«,Iai>lBn|iulli>Ibi>lsribib^l»JL^  BUIiHq.iri 

I'TJtfthe  Immented  body  b.«,  be  of  Iron,  or  an;  nihrr  nitatiiiH»>pg3 

*riM«llcrKtilch  •<  dl-sliiiiiat  ST.  Ii  «bor«or*.  »•  *.ir.wrtl  ftm.  "' •"'''£,°'j'iLj!?^S' 
■slih'li.i  i.hHiI'.  .iX^c.hfti.rtmb  nmr  «i,hiB'j'<Bi.ibei™o  "lllil-MMiiBliafiilBMllW  . 
irthflmmerHdhndThiM  the  annie  up  «r  on  the  <lnld.lt  iriH 


HyDSAUUCS.  ~ 

Arf.  I».  A  lM><ly  Dithter-  fbaii  nnter.  If  pinecd  lU 
IbR  boUuiH  ul'n  vfHDQl  cunlnlnlHB  Huter.  will  m^ 
rlst*^  iiiilpaii  llir  wnt«r  «in  get  uiidiT  It.  t»  bnoj'  li| 
or  preaa  It  upHsnl.  lu  (be  air  preMm  i>bKllaan  m 
flintike  upwatnl.    Tliui,  If  oan  tide  uf  ■  lilur.k  at:  lliiht  ■uai 


on  the  Mow  of  wat«r  Ihronxh  iripea. 


Hj(flBaBh*IIIiiiilHU^IBnleMiiia«'iiu'r.ib>a  liuiMilr.  .1  I     ^ 

Sim  Uvb  U^i  CDOH*  Ue  Ouw-    TAc  pm  wblab  u  Ippsra  w  u«  watcf,  DivnoBH  cb  rtkUfw  fv 
■■ihythfljidpi  uAboMQBI  vf  »b«  DAaancL  ud  Ibumiiltln  Ue  WBIir  u  ftdvmnaH.     AflcrwBM- 

fB&EieiiiLhepliv'u,  bHabB«4fll;  abila Ua  euUm  ^p«  k»A  wlj  cbc  bBd p 0. 

Batli  In  theory  nnd  In  pmrllce  It  ■■  l^mnlprlal  na  rr«nrdH 
UiG  vol.  and  the  aunnllty  of  wxter  dlaehnrKMl.  whellipr  Ihe 
pIpBlBlncllnMldBwnHBnl.BBr-o,  Flgrli  or  kor.m  not  *' In- 
clined npwnnl.  hi  la;  provMod  tbe  totnl  head  po,  nud  bIbo 
MM  l*n«ih  or  (bv  pipe,  remain  nnclinnB;ed.    ir  one  idpe  la  Inngrr 


flpfbhtf «  fn*')rlDto  the  mlr.  tllh  Kl 
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with  the  rel  doe  to  tb«  total  bead  fvor  jro,  \mt  erMentlj  wiib  ll»t  Joo  to  what  tcoibIh  tf  H  after 
deducting  the  part  «  v  or  to  o.  that  wa«  ooantvraeted,  or,  aa  it  wore,  dealroyod,  bj  frietioa ;  that  b.  to 
it  or  pw.  Uetiee  we  see  that  tb«  lower  pari  {ttrforma  Uye  duty  of  oounteracUng  Metloo ;  aad  maj 
therefore  be  called  the  frlCtlon  heiMl ;  while  the  upper  pwrt  proteoea  val,  (that  ia,  |iv«i 
motion  J  and  ia  henee  ealled  the  velOCit  jr  beiMl. 

Since  the  frietlon,  io  pipe^  of  tbe  suiue  dlam,  iDonKiwa  in  amoaot  in  the  aome  ptvpofftiiw  ai  thdr 
length*,  the  water  wlieu  it  Urn  entwt  the  pipe  euci»uuter«  but  little  frhNton.  aad  baa  great  vel;  hot 
tbia  gradually  deereamM  tut  tbe  advaueiug  water  eueoaiitera  tbe  frteiion  aloBg  iuaraaaed  hmglha  «f 
Cue  pipe ;  aud  OuaUjr  lieooiuort  aloweat  when  the  water  tllU  the  whole  leoftta.  aad  begliM  lo  How  tnm 
the  diaoh  end  o.  Tite  vel  then  beuouies  anifonu  along  the  |»ipe ;  aud  wllleoutiuue  ui  he  no.  if  (be  «•! 
head  ia  i«  sotttoiout  to  allow  the  water  of  the  reaervoir  to  enter  the  pipe  with  that  aaiae  v^  IfevOK 
much  more  than  the  actual  vei  head  it  is  left  above  the  eutranoe  into  the  pipe,  the  effect  of  tbe  air* 
plu:*  la  not  at  all  dimiuirthed  thereby  a»  regards  overoowing  the  frlotioD  along  tbe  iiwidt;  of  the  pi|M; 
and  con!ie<|ueutljr  the  vel  of  the  diach  will  undergo  no  change.  Thus,  If  I  •  be  auflkneut  vel  head  far 
a  pipe  laid  direct  from  a  to  o,  and  if  the  pipe  be  afterward  changed  to  tl>e  poHitiou  f  o.  the  vel  lad 
dUeb  will  be  the  .^ame  iu  both  iMMltions.  Therefore  nothing  more  l«  ueceMiarjr  than  to  be  oertaia 
that  the  depth  below  the  surfaee  m  (  of  the  reservoir  shall  nut  be  leas  than  i  s.  Tbcoretleally,  a  is  at 
the  center  (or  rather,  at  the  cen  of  grav>  of  tbe  ontrj  opening  of  the  pipe,  or  aperture;  anO  tbe  heal 
i  a,  alwTe  it.  is  equal  to  that  found  iu  any  ca.^e  iu  Table  10,  opposite  to  tbe  vel  lo  tbe  pipe.  Thaa.  if 
we  have  found  by  calculation  (by  Rule  1.  following)  that  tlie  total  head  p  o  will  prodnee  along  the 
pipe  a  vel  of  6  ft  per  aec,  we  floil  in  Table  10,  opposite  the  vel  of  6  ft,  the  head  of  ^  foot,  or  6.71  iw: 
and  thia  ia  tbe  tme  vel  head  Ib:  or  fa  the  leeut  dint  that  the  center  of  the  end  of  the  pipe  moat  ba 
placed  below  the  anrf  m  i.  But  the  end  of  the  pipe  should  in  praetlce  always  be  entirely  below  water; 
otherwise  air  and  floating  iinpuritiea  will  be  drawn  Into  it.  and  cause  obAtmctlons ;  tHerefore.  if  the 
pipe  is  large,  say  in  this  oa^e  3  feet  in  dlam.  it  is  evident  that  tbe  center  of  its  apper  end  eaonnt  be 
placed  less  than  l^  ft  under  water;  or  nearly  3  times  as  deep  as  tlie  true  theoretical  vel  head.  More- 
over, the  water  surface  of  reaervoirs  is  always  liable  to  conaiderable  changes  of  height;  so  that  the 
end  of  the  pipe  muAt  he  placed  at  Miioh  a  depth  that  tbe  water  can  flow  into  it  at  the  lowest  atsgea. 
Ait  before  stated,  thia  will  be  attended  by  no  diminution  of  disch.  The  above  vel  of  6  ft  pet  aee.  is 
full  4  miles  an  hour,  and  iii  one  seldom  reached  in  water  pipes  in  practice :  bonce  we  see  that  Id  ordi- 
nary oases  the  vel  head  reiinirud  Uy  theory,  rarely  need  exceed  tf.72  ioa ;  which  is  usually  bat  a  voy 
small  part  nf  the  total  beaii,  po,  of  the  entire  pipo. 

A  straight  line  ao,  drnTrn  from  the  true  vel  head  to  tbe  cen  of  grav  o  of  the  disch  end.  Is  called  tit 
liyilmilliG  |(rn<le-line  of  any  pipe  ao,  ro,  to,  vo,  zo,  or  lo.  oommeneing  at  the 
re-tervoir.  and  ending  at  o;  and  any  such  pipe  may  be  bent  iuto  eaay  curves,  (having  radii  not  less 
than  5  diara'*  of  tbe  pipe.)  as  (  o,  ar  o ;  and  atill  deliver  as  much  water  a*  a  straight  oue  of  tkt  saau 
actu  il  length,  provided  the  tops  of  its  highest  bends  are  kept  below  this  hydraulic  grade-line;  and 
provided  that  arrangempnts  be  made  for  the  escape  of  any  air  that  may  accumulate  at  the  tops  of  thi 
bends.    Sec  Art  ft,  and  Fig  42. 

If  the  hydranlic  grade-liue  ao  be  divided  into  any  nnmber  of  equal  parte,  aa  se,  ex,  kc;  aad  If 
tbe  actunl'lcnifth  of  any  pipe  terniiiintinK  at  o.  be  afao  divided  into  the  Hamc  numlier  of  equal  parts, 
then  will  Ac  be  the  friction  head  of  the  lirst  division  of  the  pipe;  zx  that  for  the  first  two  dirlsfanii, 
Ac.  If  the  pipe  commences  vertically  undpi  a,  like  all  those  in  Fig  1  :  and  lit  afaight.  like  re,  ta, 
or/o,  the  equal  divi.'iiins  of  the  pipe  will  h<<  vert  under  thoste  of  the  line  ao.  But  if  the  pipe  he 
curved  either  hor,  or  vert,  like  to  and  z o,  this  of  course  will  not  be  the  case. 

Kem.  2.  A  fpreat  diff  existn  between  the  condition  of  »  hor 
pipe,  and  one  InciininKT  fiownward  from  tbe  reservoir,  !■ 
ea.<«e  It  Niionld  become  neceiisary  to  prolonip  them  In  their 
original  directionN.  Thus,  if  we  extend  the  hMi^th  of  the  heir  pi[>e  ro  be- 
yond o,  it  is  plain  that  we  do  not  thereby  increase  the  total  head  of  water ;  for  the  rert  diat  from  tke 
surf  of  the  reservoir,  to  the  di'tch  end  of  the  pipe,  will  still  remain  eqnal  to  po.  Conn«>quentI.v  the 
ndilitional  friction  aloni;  the  sides  of  tho  exten<led  pipe,  will  cause  the  water  to  flow  more  slowly  thaa 
before;  or,  in  other  words,  the  di<ich  will  be  IC'O.  Now  suppow  an  inclined  pipe  so.  attrttnfi  fmm 
th*  exact  vel  head  a.  It  is  plain  that  cvory  eqnal  dist.  a  r.,  ex,  &e,  along  this  pipe,  has  its  equal  frie- 
tion  head  be,  dx,  Ac:  and  howover  far  the  pipe  may  be  pxt<>nded  beyond  o,  with  the  same  aegreeof 
inclination,  its  friction  head  will  be  oxtended  in  the  same  proportioii ;  and  conseqnently  the  fHotlMI 
along  the  additional  lentcth  will  be  therobj  connteracted,  so  that  no  change  will  take  place  in  the  vel 
of  the  flow;  nor,  conHC'iuently,  in  the  quantity  di«ohnri{ed.  The  vol  head  will  reninin  the  same  as 
before,  for  it  still  has  merely  to  anpply  the  same  vel  of  water  as  at  first.    Such  a  pipe  is  said  to  be 

in  train. 

This  win  not  be  the  ease  to  tka  itama  exttmt  ff  the 
entry  end  of  the  pipe,  as  a,  Fi<  1^,  be  placed  ha- 
low  a;  for  it  is  evident  that  if  a o  he  the  origiMl 


m  1 


■L.Vri-'^'S'*.-^ —  Tm-"" "W!"""     'e"K'h  of  the  pipe,  and  teo  its  friction  h«*ad;  ihea 

"■'"—"■—'■.•  *■<■"-.._  ;W  .'■•^  if  ^n  AnnMf  this  lenirrh.  hv  extonrfiiiff  it  tn  n.  va 


if  we  double  this  length,  by  extending  it  to  n.  ve 
.!  j  do  not  thereby  double  the  friction  head;  for  the 

'  new  friction  head  mn  is  not  equal  to  twi(>e  wo.  and 

the  di.ich  will  of  courxe  )>e  slower.  Still,  if  at  i* 
(as  will  often  be  the  case  in  practice)  very  small  is 
proportion  to  the  friction  head  t«  o  of  the  original 
pipe,  then  mn  will  be  so  nearly  twice  wo,  thst  the 
diminntion  of  di^ch  fmm  extending  the  pipe  to 
any  reqd  dist.  will  lie  but  slight. 


Fi^l^ 


Rem.  3.    Of  the  ontward,  or  1»iithUi%«  pwvwuT^.  fj^C  wat^r  la 
tUpen.     Whan  my  pipe,  aa,  for  instance,  ivtvy  o^  ^^*^J- ^^^^^.V*w^^^^^v^^^^ 


'v.'*/,  thin  prea  is  greater  thnn  when  the  water 
inavctbe  /.o/nt  presse*!.     Thus,  at  the 
•''ut»  la  the  pipe  I  o.  that  due  to  the 


^.,,^''<?'-<?'V're   ft  mar  alwava  bo  reartVlv  c«\cuUteA  \njb*.  J3  JJ       ^^^^,^^^^^,^,,^,,^Xv* 

*/'""'*  '"•?  conxrarit  number  OT.5.    K  t^e  ^''^^^JtTr^^eu  Jto^^w^^  ^  ^'^''*  ^***^^  "^ 
'  Oiove  aiowiv    ....<  .K- —111  K.«nm«  lean;  atxawBeu  viw 


atovo  Biowly,  aud  the  pres  will  become  \eaai 
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Mmt,  uiHd  Bleaamelers.  (preMmre  meBspm-a 
Bra,  4-    WliMi  the  pipe  rlM*  Bbove  the  hT-dntnlle  Krsde>lll 


Aft.  a.  T»  ana  (he  virlfxrlty.  nnA  the.  nnti.«A.MT  **'^?2S 
tmmtcH  n  ■(i-niirii(.  mnnnth.  cslInttrlcnA  «««-«•»»  »?SS 
r^u^  b»/  f  '■  "•"•■•"  >™«th  l»  "««»»»«»»" Ji^^A^ 
IV9'  "^■''■rl.ig  it«  fotnl  he^n.!  no;  H".  l*""***  "  S^S-i3 

'*■"■   **" -°ir  B]d.r,  ..o,  i.lflg  1.  JlUta^B.**^  .uv^*^"^^ 


ttfi 


HTDSAUUCa. 


^■-Mg.     =«x    \/    IU>ll«fI*<»J 


jt+um.^uji. 


k  Tii»iin<irMteb.Mn).  *•« .htu x acwiui 


Klh  hnt;  «■  IFLM  tf-t'iipliaul  IftdtaB.  1>  M-  K.  (r  »«.  to.  •(  ■  HllclHt.  hiHil  tonkMK 

miA  «iiihj    It  LUitua  Df^e  jilMa  P>[ia  ((M  )bi  tku  lODt  ir  nes  BDilZZThH.)  !■  il'lhr 
pnHr  or  Ini  Win  I  nTlbn  ll»«Ht  (kat  But  Iki  <wl»  1111*7  llw  ■•■•  uul  baad,  Minf  I*  (<■•<  kr 

Rule  2  Tli«  illKCh  may  ■>«  ronnd  withont  llmt  HimHiw  Mia  rH 

uprr  aiiblj  Ihu^^  t^Dif.  b^  Tnhlvri,  rb«,'Nrh  |rf>vcrf»rihedk'inh)fH(.    kull  lltf<  Mtl  pawcT  kf  Iht 


Buf.  i.  When  we  Bpemh  «r  the  vd  of  ml 
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TABIE  I.  Of  the  kcIobI  wloeltlrB  and  dlBchnTKCH  thronfth 
■>  pipe,  1  root  tn  dlami  1  laile,  or  tSSO  tllH>n»  lu  leurlh  •."■(I 
or  (Hat  Iron  I  amoolli,  and  Htntlgrkl.  Sw  fi)n(,-uiii|[  Ueml^  iiliulteui  -^ 
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iitvr.  R.mnitDLBiiUfeTi.a.  «■«. ttinim. ■  > 


Rn.    irilMplpe.lnMm 

BVoRk  mh  ivM  hw  thin  1  •nana  of  1 


Sot  w  H  Imtawdl  »K  wIuU  M  mM  about  bnidn  nn  ]»««  648,  bM,  «• 

To  and  (ilthcr  thtt  area  of  plpoi  openin(r>  or  chsnnel-wa  j  : 
•r  tta«  mean  vpI  :  nr  the  qnantlty  dlschnrmed,  vhen  the  mhT  tivu 
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E9.    (Origln.1.) 

Of  Ike  dlAm  of  lone  pipe  rH|<l  to  dellTar  cittaer  ^i*re  sr  ItH 
wiU«r  than  U»t  oflTt  M»ma  In  Table  I,  nndsr  the  mat  nt«  of  tiiclL- 

■•IIOQ.  DT  Iir  hcul  In  li  par  mil.  To  Bud  1»  dLMB  (liul  BM  lU  Ml  Iknaili  uslbr  Flpi,  DM  U 
IBimblHIlMO.  •rUlwilHM,  oCllmiliUUHlBlniA^  llH  lakg  out  U>  Uait  Ihiwib  IM  1  tl 
•lU.  >■•■  TnUl  I.  Uli  lb>  ciwl  dlaD  III  mil  ubDUrmiL  List  hrlhi  dim  Is  IBi  IbUd  aaloii 
«r  TbMi  1,  Df  pnfOftJw  prdUghi  Dad  vpiniUD  t*  U,  la  dBlDma  1  uad  ^  «m  ka  raavd  Uf  iT^ 

bu*  DDt.  rallj  tvlov  in  HDVb  M  »H  i  TtoBti  £,  of  lb*  UA*  MBCib  Dofl  hsd. 

Tklii  »•  or  llilB  MUe  i>  not  HineleDtlT  correct  fbr  plpte 
iMa  than  nboat  1000  (or  nt  mrtbcet  SfHI)  dianiB  lonir;  thar^if, 
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TABLE  2>j.    WelKht  of  water  {at  69>4  lb*  per  cnb  fontl  ««■• 
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542  HTDBAUUOS. 

Art.8.  TdflndttietotelkeiMlinAwtytlMtauMtbagfwntaaiCnliK- 

■mnotb,  cjlindrioal  osat-iroa  pipe,  not  leM  ikaa  4  dUni  lomt  lo  uMbtelt  Ca4iMh  aglvta  nqA  fw»> 
(ii7  per  leo ;  koowiog  lu  dtun  In  fsct.    Bae  Ben  S,  p-S4S.    Also,  Bam  p  (M. 

Rdls.  Square  the  glren  dlaeh  lo  oab  ft  per  mo.  Add  tegetlier  tbv  total  Ingtk  of  tbo  pip*  in  InI, 
and  54  timea  it*  di*m  in  ft.  Malt  the  evni  by  tko  aqoare  of  tbe  diseh  jost  feand.  Gall  tke  prod  «. 
Next  diT  the  dlaqi  in  ft  bj  tbe  deo  .336.  Take,  frooi  TaUe-i,  tbe  flIU  pow«r  «r  tta*  ^WK.  JAwp bf 
thU  6th  po«ror.    Tbo  quot  will  be  the  reqd  head  in  ft. 

Or.aiaformoU,        inf^t     -  /Pimmjnjt\» 

\      .t»      )' 

Kx.  Tbe  lame  as  that  in  Art  1,  Rale  2.  A  plpe6lni.or  .6rt4iaiB.  and  ZOftloBg,  Is  rndjadliol 
8.088  cab  ft  per  sec.  What  total  head  most  it  hare  7  Here  the  s^are  of  tbe  dlaeb,  or  SJHP,  is  t.t. 
The  length  in  ft,  added  U  diama  in  ft  =  ao  -f  >7  =  47 ;  and  9.4  X  47 =441.8,  or  j».    Next,  tbe  dbmia 

ft,  diy  bj  .286,  or  ^  =  2.128.    Tbe  6th  power  of  2.128,  by  Tabi«  6,  is  43.64.*    Henoe  tbt  total  iMol 
la  =it^V^E£}  =  10.12  ft ;  Instead  of  10  ft,  as  In  Art  2;  aear  enoogli  Ibr  praotio*. 
RcM.    The  followlnir  rale  fa  more  slnple;  bnt  is  ftppIicaUe  only 

when  the  pipe  is  so  long  tbat  tbe  64  dlams  may  be  omitted  fkmn  the  ealenlation,  wltbontaflbetlnf  tlN 
resalt  to  a  practical  degree;  in  wbieb  case  writers  call  it  a  l011|P  pipe.  If,  kawerer,  «•  take  Use 
low  as  1000  dianu,  tbe'resolting  head  will  be  bat  about  6  per  et,  or  ^  part  too  small ;  at  2000  tfans,  -^ 

too  small,  ko. 

Bulk  2.    Raring  the  diam  of  tbe  pipe  In  ft.  And  Its  area  In  sq  ft,  by  Table  8.    DIt  tlM  t^qji 
In  oub  ft  per  sec,  bj  this  area.    Tbe  qoot  will  be  tbe  vel  in  ft  per  seo.    Then 

WW    JMM    ^  «         SqnareofTid  V  •« 

Head  In  ft  per  mile,  _  in  ft  per  see  ^^^ 

*" »«"«  P'P"  Diamiafcet. 

Ex.    How  maoh  head  in  feet  per  mile,  mast  be  glren  to  a  lone  pipe  1  f^  dIam,  to  enable  It  to  ( 

1.782  cab  ft  per  sec?    Here  tbe  area  of  tbe  pipe,  by  TaMe.S,  Is  .7854  i%  ft,    Aad  -^--  =  S.28lftf« 

^_  .Too^ 

i«o  rel.    And  the  square  of  2.269  r:  5.1484 ;  hence. 

Head  In    _  ».I«M  X  2.8_ 
ft  per  mile 1  n-wii. 


n,i,„  _.,  --  1  mile.  ,  Head.  ,  ,  Length  of  pipe  ,  ,,,  m,.-* 

Then  say,  as  ^^  f^   ,    „  g^    .  .         *,„  j^^  ^  .  lU  head. 

Table  1,  which  is  for  a  pipe  5280  diams  long,  glres  the  bead  12  ft  per  mile;  instead  of  11.84,  whkk 
is  near  enough. 

Art.  4.   To  find  the  diam  of  a  long,  smooth,  straight,  cjlindrical  cast-iron 

*  This  5th  power  43.64  was  caleulated.  Instead  of  being  taken  from  tbe  tabiA  :  in  ordpr  to  illastrate 
the  pxainr>le  more  aocnrateljr.    For  praetical  parposee,  nowercr,  Uiej  eaa  be  taken  ttvm  tbe  taUe 
'  enough  by  eye. 
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.  1.  Far  (he  dlnm  of  n  iihort  plp«.  «•  mnj  Bnt  wuninn  luij  dka 


'Ji  rallawvl.  ll»F  Bin'orirrecUy  TBlard  On  >i 


l>ML  \  V'^'^'Z  Ota-  Uj. 

la  fonuta,  ar  bj  Oh  qrrt  U»*.  a  ptpr  1  n  dbuB- and  >  mile  Idb«,  *{iTi  BlDtjil  bead  nr  U  n, 
saeqbnpirflila;  Hwl  tAc  vAl^.l  It^av;  and  Lbaiuul  baulpMid  hr  ft  vrJ>MldLiicb.e«a*l 

•  fellawInK   narrnl  tttitle  tm  taken  IroiB  Wealc'a  w«ll- 
■*■  £MH(lneer^  PtMket  Baok. 

afiR  •U.    Of  the  Tel,  and  iKKhnrin  or  -waler  Ilirough  Blrught.  ammlli. 
ladaan-lng  plpn;  -trill llH  tiloUin  li™imi«l.»J  bitmIi  liio  imi  ki  Irojlli  r  andiihollHi 

ifriMn  l«il(erlkB«iiln|illM.  HtHlurimakcihiLDialUaiL    SnKcni.pEag^ 
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fr  I     r    DT  Dirr.  thin  piMw.  oi  uAn  vrnvuvvo*^  ^^ 


Pi|12 


HYDRAUUCe. 


|Wa.,when  llie.cou|rnct|aii  In  roiniilvlc ;  unit  vb^n  Ihc  aurf- 
kVfpli  *•  rciuHlua  coanlAiiily  at  Itie  khiiii:  liviHtil ;  watvr  belnjc 
■pplled  (D  t&e  rtHKrvolT  iw  Auit  m  It  riiun  am  ut  the  open- 


iH^bDIwbu  luflli  don  OMUf,  kid  Awt  b  dtrind  rrBjn  ib»  roLLti-liii    table  d«rtn«<ed 
Mw>  the  eaperliHentB  oT  LeBbnis  and  Poiivplel,  on  opnlDii.a  lu 


Km.  3.    rarefhl  FxpeHmentH  nn  np«nlnn  V/^  n  wMe.  and  IB 

■•  blvta.  nnrtcr  hriidl  -t  tram  B  lo  IS  n.  ihOV  lh»t  the  rwff  .63  will  Kive  [Mllltl 


\tlawiMm  opfnlnKf 


-Mi.  Bftieii  f>o^  on*  prlsHaMIe  rvCMrvolr.  FIk  15,  W 
MMMhcp,  X,  Of  Knr  c«n>MniMTP  nlBcm  whiUvi-er,  Ihrotti 
opCBliitr  «•  In  M  plKiiF  tniB  I'prl  pnrtlllnn.  and  In  ttom 
ooMTBeUoui  when  thv  wikt<>rrlH«ilBX.whlleUfMlBl 
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■_ Jiiii'i 

.   WlieB.  liMteAd  er  a  ataort  apant.  aa  In  PIk  17.  t|N 
•C  Ja  provldn4  •rlUi  an  Indellnllrlj-  Ioiik  lior  U«>k1i, 


m 


lit   InalMd  or  bolns  bor,  t1>«  tTon^tt  \>VK«»A»'KB 

m 


m 


2.    THe  dlacbarice  tbronch  thin  vert  parMtlmu  I 


IletecontrKvilon,  whru  tlieBiirrace-Ievel, . 
>  the  wnler  Hows  Out  liitu  fhe  sir.    lu  i' ' 


tr  c  aa        BurMevel  reinnli 

J<lj  43        sal;  un  Lbi  iH<t  dt  lunl  i>r  iub  m  iutti  u  m  oeu.  ua  uurwug 

Art.  10.  Dtacb  from  it  rewervuir  R,  Fig;  14.  tb«  •nrf-l 
•r  wblrh  rumnlns  coiisUiiHIly  Bt  the  snme  belghit  (I 
an  ooenlnK.  "<  '■■  thin  vert  pnrtltlati;  unil  In  cumple 
trHeUon;  hut  entirely  iinifer  waler;  nnd  liila  n  pri 
reasFvoir,  m.  In  whlcb  the  nnrr-level  rloeii,  »•  the  unt* 
into  It  thruuch  o. 

X^Si"  Flm''flSa°foe'"."iflo''r?ft  pVu'ldr  .Mltoa  .r  M 


E^14- 


onnd  the  time  orfllllnKT 


"  a.  S,    irth«  Imttoia  af  theopenlniri-'taonld  colBflIt 
bottoaa  at  the  reaervalp.  tlien  the  curff  will  becuins  Bnahir 

,  Rub.  i.    tr  the  flp«nlnr.  InsteMi  of  beltiRT  In  rompl« 
ftMetlDM.  I>  ats.aj  ofDie  thanes  F\gt  tl  lu  9,  th«n  a  [efursnu  to  Act  S 


HYDRAULICS. 


Fiyie 


»fffal^  It  tb^ft^  V  Vita  Ay>i. 

Ill     Can*,    The  MaakMrsnthroDKh  opFnlnm  In  pini 


SkSiEs^S^^Si£^'^r~- 


.    Wben.  InatMtd  of  A  ahort  apoat,  aa  In  Ft|T  17.  tU 
•B  ta  provided  wltb  nm  InaeltnllMy  Iour  bor  (r*DA^ 


11™.  Wtaentherroat,/,  orihen.  _...__.    .  .    _, 

MprOD  or  trough,  (F,  Is  used,  luring  lu  nppiTDdgF  Ii'tkI  with  il 


:ti,t9 


'td^ui^™'JSS 


Art.  11.   On  Iheilliirtinritvoririitcr •Tcrwelrs.oroM 
lea  B.  FntnelB.  c,r,  owmiihcnmiinjiinEii-hMtiTdmniHauica 


^l^^^^Ulu  ml  a,  ■,  Pic  It.  ^^J^ 


OYDRAOLICS. 


•  rule  will  hIbo  b«  very  approxlniiile  »ven  when  llwrc 
.■•nadtrkeUanal  Until  endd.  provided  IIiB  Irnglh  of  Ibe  weir 
,fa  nt  IrBHt  lO  llm<v  ns  Rrmt  n»  (bn  l>«Md  aw;  U!d  prDvld«l  tlie 


■  Evtriweln**  rnl«  rnrwpii 


J 


HYDBAULIC3.  ~ 

■■  cab  (I  iier  sec  tow  «*eh 

mid  wllbnut  contrBcHita 

,  -  -.  -  .„ „ "wd  not  IHH  tliaH  larica 

■nulloo  at  bolli  end*,  pruvltlvd  (be  IpiiKtli  be  at  l«HU  IS 
lime*  thf  hend.  And  but  nbunt  S  Mr  cent  In  eji«eaB  •fib* 
trntb.  If  tbe  leagrth  be  but  4  times  the  bend.    (Oiiginol.) 


ta,  tay  Mr  FriHicia,  It  ■! 


•Umlila  diHb.  diiSIIT  •DiHvir  [•  KnapUbH  in  ihedl«li,  wbtlhn  Ihriurf  ol  IhHnmbiibHt 
4.  or  ibml  13  Id-  lialc»  Uia  omt  i  ;  iDd  llial  •  till  Uloa  Ihi  oml  a,  eiunl  m  9i»'l»:r  at  U>  Mil' 

f  r  the  waler  In  tbe  reaerv«lr,  or  In  tbe  ft-edlnx  rKnM,l» 
ritMt*  at  beInK  alttKn""*!  ■■■■  »  ■llKht  carrenl  towMrd  thj*  - 

■MIB,  DRSHl'u  roll™.  I  r'ii  Is  I^hlTlll,  »Ji6a.  Uie  unwioi  Imd  1 
XS&ITrI  W  .M  Tprwhlna  o.rr™i^  idJ  ml.  I>«d  u  ll»  k~l  i  •>,  F^ 

{(H+i,f-»i)l=HM»..-i-i. 
Art.  19.    ir  the  Inner  Dtee  of  tb«  wr'lr  und  dnm,  Imtcad  a^  , 
being  vert,  u  n  6,  Fix  BO.  In  aloped.  ns  a  or  i.  Fig  JU -.  Ibo  coDtnMM  | 


sii 


*  •-  !1L  *^^,^ .°r?.'*°^_^ ^t.i»..>    »«oaBOtt5.w*'»^*V**'*  *H«»*q 


itlowf  nir  rale  t»»  *"**'5I 
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Ihll,  or   wrir.   •pttroxitnnlelj',   liaa    been    prepnred    by   UUI 
mithor  rmm  vitrlunfi  lialH. 

p»l  tlUbl  Ihl  Hnffldlaah  ko  ub  n  per  ibb.  atv^*t^  rurunUuarj  pnriwfl:  pud  prebBbl^  qaitl 


■  r«el,-(OrlBluul.) 


0.bi»lw/5fHp.»^liMtir,l>.r=an411««to.l.lnmll     JigoW'*       \-^ 
(TlHIl,  JM>Ha.1     K«tUI>iqniir«>l:    or  nr  brmnlm, 

Kn>,  R.    FIb  a^  »)■««»  a  ■Invninr  effieet  ,oiM«Fi:*d  at  fli 

liam,  urnmniiie  Fi?"rRfypr,  N  C.    It  Ij  Worn  |M«"tewiM'W  ™"' 


HYDRAULICS. 


Fig£.6i 

_, , m  or  «  rlVe.. , 

MDrse;  hsvlnii  given  Ibe  rrenleat  unrr  vel  only. 


n  f  or  tbl"  n 


bt  pmi  AllJ  Iw  ■i^rul^MJ  M 


TABLE  IS. 


BUSFAOB  VELOCITY, 

»hi1t. 

HI7HFACB  VELOCITY.  |     M«ll. 

IniihL-B 

Fi^et 

Miles 

anrf^ 

Cfvt 

Mil« 

Surikce 

^B.      perSsu 

porHr. 

p.r  S,.o 

ptr  Hr. 

^''' 

1-^. 

fS 

n 

IM 

fW, 

SB32 

3.W8 

IW 

9.091 

^B 

The  oarf  vel  iihaald  be  mraad  In  jtBrlerUy  cnlm  wmthev 
To  and  the  dlachnrse  in  the  ntresolnc  eme.  i 


Ari.  M    To  Abd  KppvoxVnkiiMV  ViM-tU  «it  tbe  boAon  oft 
•Creaaij  aI  nny  pnrC  of  !(•  cra*»-k«cV\aB.* 
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tregaiag  rnles.   S 


ns     Tm    m    v. 


Ip^ 


111  \:Jj  i'4 


r«d«ee  Inckcs  ver  wc  to  fcet  per  Balnnte,  nultfpTjr  hj  s. 

19.  The  slmplldlj'.  nnil  et»s  MppllvMlion  or  <he  Tore- 
'  rain  fk-eqncnlly  l«ul  t«  Ibelr,  Baobtlon  for  Ihp  |criiv< 
r  Htrenmsi  bnt  ft  moat  be  itMtcd  tlMt  Uils  mvltaod  u 
VPd  In  miicli  nnenrUllBty.    Ttm  tigiFrimcnU  nf  tir  Francis,  al 

IBHB  10  T(  *lde.  and  14  n  OWi  BCvTIT  noVHl  BllMllViwrcciiliIOHr  Lban  kdtanrlMllu 
tau«.*tU.tePd,IDlikunlliBiMMllI«>inNTW1(nHl!«.  VUk  ibrmiw/lDM 


HTDRACLtCS. 


Art.  ao.   To  tc^uKB  "  ■trenin  br  mennB  of  Its  veltwily,  ■ 
ooenratcly  IbBa  by  ttie  precedliiK  ir- •■— ■- 


FiqIS  Cig%9  F.<,30 

Beit   rindiii.m«.iit«n..HT-w.r.  .io».,  Pina,  »,»,io«iR.  F<iidtiM<n.i.tga>  ' 

frHi  Mni  Ih.l  porLloL.  uribo  croK  ■m.'ilDd  or  tO. >i JM ud  btilUia D(  >Ee obuuri  hnl  •bbaWM    J 
lSiuSl'^™n.n?'i="'.l(i^  Tbll  ™m"EfbflM'Bjl^u'rB'i^  «  '"ill  IMwTtoM'  | 

RnL    The  ntllowln^  more  Bimple  mle.  Im  prolmbly  jw tMm 
■n  appronlmntlon  ah  Ihp  roreialiiiC'    It  Is  ipplinbl?  lo  mmn,  4c. 


■very  fnot  in    lenstn  •>'  "-^HSLi^ta  mp  Vn»w»-,  \«  WW*! 


HYDRAULICS. 


rInK  f«nn 


boat  kny  enlnrBninrnt 
cnnnl  nt  Ike  polut  or  In 
I,  »  ■IlK'ht  Dill  IhroiB  lu 


Wr  Poalf.  C  E.  F.nKl»nd.  tr 


566  HTDBAUIJC& 
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v^W^BW  V^^W^^VM  w^v  ^W   ^^    v^^^w  J^^^V^^^V  V^W  w^^ 


The  nile  In  Art  31,  givei  for  the  «xampl«  in  tkmX  Art,  a  ral  of  SJI  ft  ftrma;  and  Mr  Faok't  roll 
gtTM  ]l.2l  feet. 

Mr  Poole  aaya  alM,  that  the  (kll  per  mile,  in  lot,  reqd  in  a  oanal,  to  impart  any  given  mean  vel,  la 
Int  per  wc,  may  be  toaad  thus:  D\v  the  area  of  water-wayln  iq  ft,  bjr  the  vet  perim  in  ft.   Thefoot 

la  what  it  called  the  liydrAali«  mean  depths  or  Hiean  rMiiui.  of  the  oaaaL* 

Mult  this  by  12,  to  reduce  it  to  ins;  and  call  the  proaD.    Then  divtha  reqd  mean  vel,  bj  the  dM 
.not.    Square  the  quot.    Div  eaid  eqnare  bj  twicf  D.    Bj-  fermola, 

rh«  re9«l /oa,  _  f given  tMmn  eet  In  liu  pmr  aec\«  .   *"'**fH 
UiitupmrmiU-  ^  oonet  nuaOer  .m  )  "^'^THuUT 

Fat  the  example  at  the  flnit  part  of  thia  Art,  Mr  Foole'e  rale  gtrei  a  fUl  of  80.8  Ina  per  mUe;  vhDi 
the  rale  at  the  head  of  the  Art,  givea  a  fall  of  .n006  of  a  ft  per  ft  In  length ;  whtob  b  equal  to  UJi 
tat  per  mile.    The  two  rules,  therefore,  agree  as  closely  as  can  be  ezpeeted  in  eaaee  of  this  kiad. 


,  Art.  33.    The  writer  hae  prepared  the  two  foUowmg  tables  for  the  cmiTeiiieiMB 
of  forming,  at  the  inHtant,  an  approximate  idea  of  the  reqaisita  dtmaaslona  of  ehanneU  for  falfllttic, 
certain  given  conditions.  ,  ' 


•  Or  of  any  stream ;  or  of  a  pipe.    In  a  cylindrical  pipe  running  ,fiM;  or  In  any  ojMm  ehannelar 
•emCoircalar  cross-seotioa,  nmtdng  /hU,  the  hyd  maaa  depth  thoa  fbond  la  eqaal  ta  >4  of  the  " 
af  the  clrole. 
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Arl.35.  OliHlri»illanBb7plen.  Whm ths mr» orwictlsa 


Km.  1.    II  la  imndrtant  to  bnnr  In  ntlmi.  Uut  bafonifte  H 


a  ruiloirliiK  UtMes  wa  (nIEh  mmy  carnclioiu}  rron  Nl 


XABIiE  10.    ortaeBda  prodneetl  hy  ointrnrtlvna  t< 


Art.  3S.   TbR  realdanre  orwiiler  BKnlnMa  (lalBBrlkcei 
Ins  Ifamnrb  It  nl  rlifht  hiikIiv.  '•'  iiHHrly  *■  Ihe  aquarei  uf  tlie  la] 


E«;T^«5rs 


£::::S 


Art.  X7.   Tb  oiilealBl«  the  borse-power  or  telllna:  wiil«K 

thliiFdIsirTuiaiiipUDDlbU>llsrH'[H<«rL>n|U|ilU(UUIHn>  llrud  1  KM  len  HI  uln.  TW 
•miagc  tons,  li  n^lj  Dii  nboulK  u  mueb,  or  IWIW  Ba,  I  looi  blat  (jur  mW.  Mull  UVCIlKT 
Hd  Uh  oaaKr  M-l.  (Ue  wl  tfl  ■  CM>  n  ir  naut  Id  It9:i4eadlv  un  piDd  BJ  laMIl,  Or.liinirBI 


ObscrvKilonn  by  Ocnl  Uiinpt,  In  lf<ilS,gavf  tbe  !to[lawlnsi<>nlO.Wri 

%w  vuhImI  bj  uii  &B-«r-Wfl!^I!Stt  ^HM  or'Si  per  b.iii."i».  4m<>!2  ^«fl 
Vllka  wlrlM  iDi  nn  ^  m  nn  bit,  ^SMliuu.  =:  ».)S  I^^  Bll.    UuuUV  liMsda.!  ItM 


»  0ud  tkc  home-power  of  a  r 


"3 


L;  .„ 

B    3MTM»blab  II  iMmllj  hM 

■     V>d>lii  TiblFlO.opiKiiluio  i~  ...., 

T      aallI^.IHnDI(>o>n>dlllF  H    .1  el—u  inn  I'rilm  >lr»iii  IDI 

•  A  «anHlM«e  of  llie  FntskllB  )>ntltnle,  fo  ISM  gave  71  u^ 

IB  ft;  MI,  II IL    MlniT'iKia,  1  IdoIiMhi:  VUTtloi:  ten  rue,  ..r  brisbi  u  i-lilcb  un  nfi 
WMr«ln«,IHft.    Hg  d«>ili  of  lb>  iifwliiiwl  •«  (Im,    Omh  lain  r-au  Id  Frmnir  ■!«•  ■  u^ 

f  SHb  wbwti.  n>r  MMttltia:  mUI«,  \k  Kuvw^nx^t  *'"'^J^ 


.  M<l»l  ttl-. 

^«;^-,««r. 

UjI>  nl™  _>  CW  lib 

mJK. 

gCUiLUL.i..    Ho^nlyBBte  iMtlvH 

«■»■ 

>ll y  mlliectMl  tli«  p<p«s  in 


!(IUh.>  ITn' iiV^''iU  MnnfrM  S  In*  ttlBrnM  nirrt^s'fMrtJirr 


B  acrvlee-plpe*  far  soppIylnK  iilnicl*  dwelling,  * 


K),5l'3i»r  s,  :rfc;ls.\^te\ti)^ 

^ssis^-iliissxjssssiasist^-'^s^s^ 

KYDRA.DUCe. 


■—Ill  ■■!!  iln>-  Inl-  ■•■-  I'll — r-— "    TuilHfafaritemnikiaUUHiBdCSi 


H  nllatrial  hnd  < 


CVTlii*  ni.  ud  till  iirtaioDC  t.    loTsn»a«tt>«"^«.«  •*"«•(".•••  !"*■■■' 
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antM  tin  MM  ilMaaJyiM  iluanf,     TUhil  bleiil^DlDl^ullMlilldiorUliI 
Tn«>wS^l<  iii^ii  ItaoniH.plMHC.Uiniart -"--■' •-     ~"   - 


PiS; 


I aluini fif  tbv nlve  v  ta  wsAlu aplba ki 


"IH  rlMlI  own  itngl  iniDiids'.    AKIi  lhiMip>B>r  >k*l>lDf.    Th4i  I*  nTI . ...,.„ 

'  Jarilior  icreu  plpa.  h  trnialliia' 


HTDSAULICB. 


i-MlM-perGbii  »lpe,  U  inch  think,  wid  %  Inch  ban,  hu  unitnlnfd  mMj 
r»lMuoCmi«U>*>iajB>C^>qi>cl>{  egu.l  vi  DLrK  no  Ml  bfiid.  UnufljinlWI 
'■uMBi.     ncOrUainUi  ]•  ilirrli<il  U^luikwiU'i  Iiludbji  tnbi  of  tUt  Olllri^ 

•  inakT  bAm  Ua  plfa  bul  M  iuttuuoI  rnm  ibinlni  illt  'ihe  lids,  Ad  i  glbmln  It  lIU  >«« 

B  bj  ■  cDBpnny  St  JersBy 
if  iDoliUilDliuinolllT'rIalh 


Bnll'a  yitont  Inn  mi4  « r-m— 

■Mt,    It  M  hid  la  I  M4  i(  mBm  Binuv  ul  mupliMI 
lanUuMD-BllnarUHli  y> 


SlBlanixSin  BAWIo^  pa«Hma  BDoh  Bf 


XIm  WyekslTpstaBt  pipe  Tor  water  or  eta, 


.  Wkler  pipe*  wT  bored  yellow  piDe  ■*■>•  In'd  In  FIiIIhiIb  M  to  .- 
nlnObh^aia»■,■■■yar  Ibw  sU  plisi  biiDmB  nlaia  in  liEUrii-.  Ix.  Cl>c  teli  p-rllt'l 
trimlmJiM  M,,taMlaiEmait  mutiltvl  tlr.  inO  Om  cnniriliin.  iniU;  B  Ibilc  dunblUiF. 

ripen  Hiiide  of  bUantlnlaed  paper,  prfiinntd  under  gTBst  imwnrf. 

ltiKlsh*rfi«taii<ratb»iiftlHucb>]rMDiuoh-  E-Im  uraisa  bDfi;,ud}f  lonli  Uiick,  bay*  ruliud 
mtMoJauat  1JI>  lk(  p«  t^  lacb  ;  ciQiU  u  m  wm1«r  hud  at  MT  ft. 

In  PfelliMlit,  In  1873.  then-  >rc  wbont  846  mllo*  of  iitreet 
■iDea;  gr  il»ut  1  inllo  lu  vrery  ISM  InhabltAsta.     Tbs  pgpulntiDn  li  uuuly 

Art.  M>  Bearrvolra.  Ir  Inportniit  TMnTOinor  nrlh.forilarlngwiitH' 
l**(  IssHdiiipillali  DMur  ilupa  IK  u  l.>    X  up  aklib  nr  IS  ftuMin.  ud  liuldentain  nT 


&SSa'l«*:'.ss 


Ml— ■fciiiMiij  Btcii.    The  Innpr  slane*  iilunilA  to*  ««.*^n\Vl  *«;^** 


578 


HYDRAULICS. 


mneb  ittfeper  than  2  to  1,  thli  dry  pifeohing  will  b«  apt  to  b«  orerttannra  by  the  •Udiaf  dovn  «f  tfc« 
Boftened  eartb  tHsbiod  it,  if  the  water  In  tfaoraMrroir  ibould  for  mnj  eaiue  be  drawn  down  ntbar 
■uddcDl;.  It  will  be  much  more  elTective,  but  of  course  moreco«tly,  triaidinbjdraulicceoMBtiiad 
mill  more  ho  if  laid  upun  a  layer  a  few  In*  thick  of  oemcnt-aud-gravel  conorete;  c«peclallj  If  tUt 
lilt  be  underlaid  br  a  layer  about  1>^  to  S  ft  tbick  of  good  pqddle.  spread  over  the  faoo  of  the  Blepe:  tka 
great  oliject  b.-inj  Ui  protect  the  inner  slope  from  aotnal  eoutact  with  the  water.  If  this  eaa  be  ef- 
fectually acc<implished,  slopes  as  steep  as  1^  to  1  will  be  perfectly  secure;  fbr  the  danger  does  act 
ariie  from  any  waut  of  weight  of  the  earth  for  resisting  overthrow.  Special  eare  should  be  bcstewed 
uptm  the  iunpr  toe  of  the  slope,  to  prevent  water  from  finding  Ita  way  beneath  It,  and  softcnlDC  the 
earth  so  as  to  undermine  the  stone  pitching.  Near  the  top,  refbrence  ahould  be  had  to  daoterw  de- 
rangement by  ice.  frost,  rain,  and  waves.  Flat  Inner  slopes  tend  noi  only  to  prevent  the  diiplMi 
meut  of  the  pitcliintc ;  but  increase  the  subilitv  of  the  embankment,  t^  causing  the  pressnre  ef  tbi 
water  (which  id  always  at  right  angles  (o  the  slope)  to  beoome  moreuearty  vertical,  and  tbuelehild 
the  embankment  mora  firmly  to  ltd  base  than  if  there  were  no  water  behind  it.  8ometimc«  the  toes  sC 
both  the  iuui.T  .  nd  outer  slopes  abuX  against  low  retaining- walls  in  eeincnt.  Thia  gives  a  neat  laiib, 
and  tends  to  preservation  from  injury. 

w  Many  engineers,  in  order  to  ptevt 

^  leaking,  either  through  or  beneath  tkl 

embankment,  constmeta  puddls* 

wall,  p.  Fig  41.  of  wdl-ranMA 
Impervious  soli,  (gravelly  clay  is  (kl 
best.)  reaohing  from  the  top  to  eevad 
feet  below  the  base.  This  wall  shoili 
■ot  be  less  than  6  or  8  ft  thick  en  Uf, 
fur  a  deep  reservoir ;  and  shonld  la* 
crease  downward  by  offktts  (andaot^ 
slopce,  or  batters)  at  the  rateef  abitf 
1  In  total  thickness,  to  3  or  4  in  depth.  Other  englneera  object  to  these  paddle- walls :  and  eontni 
that  leakage  should  be  prcvuuied  by  making  both  the  inner  slopes,  and  the  bottom  of  tbensaivrir, 
water-tight,  by  means  of  puddle,  concrete,  and  stone  facing  in  cement,  as  Just  alluded  to.  Itaf 
argue  that  if  the  embankment  U  well  constructed,  it  is  ItMlf  a  pnddle-wall  throoghout. 

It  in  flilHeult  to  prevent  water  under  biyli  pressure  flPMi 
flndin;^  itn  way  tlirouyb  considerable  distances  alonijr  iic«— 

where  earth  i.s  iu  uoniact  with  smooth  rock,  wood,  or  metal;  a.i,  for  Instanee,  along  the  surfuwsC 
iron  pi|>es  laid  under  rcHcrvoir  embankments ;  or  along  the  tie-rods  sometimes  nsea  throngh  thepii' 
die  of  ooffer-danid;  and  tho  same  is  afrt  to  occur  under  the  baxesof  embankments  whreb  rcstN 
smooth  rooi!.  Special  euro  nliould  be  taken  that  the  cartb  used  in  such  positions  is  not  of  s  pufssi 
nature;  and  that  itia  thoroughly  compacted  all  along  the  seam;  and  the  straight  continnily  Wtbff 
snam  «iu>uld  ^le  interrupted  or  broken  as  fnequonlly  ai»  possible  by  prqK>*tioos.  Fanceu  nr  llaagiBii 
thiii  to  a  limited  extent  in  the  cane  of  i."ou  pipes  ^  and  something  similar,  but  on  a  larger  scale,  thstli 
at  Ahort  intervals  be  oondtructed  in  the  shape  of  Collars  or  yokes  of  evment  stonework,  in  thecaseef 
rock  or  masonry.     Fur  more  on  damn,  see  Dams,  p  583,  also  528  &e. 

It  is  unualty  wiviAable  to  divide  reiervoirs  Into  two  parts,  so  that  white  the  water  in  one  parti* 
being  drawn  off  for  use.  that  in  the  other  may  purjfy  itself  by  settling  its  sediment.  AIko,  one  put 
may  rom:iin  in  une,  whilo  the  other  is  being  cleaned  or  repaired.  Many  dayit,  or  even  two  or  thra 
weekd.  d4)metiines.  aro  required  for  the  oomplete  settlement  ef  the  very  fine  eiayey  particles  iumaidtf 
water:  dcfieudin?  on  the  depth  of  the  rcserroir. 

OuH  or  more  fli^htd  of  stcpa  to  the  bottom  of  tho  reservoir,  shonld  be  provided. 

Tbe  reMprvoirj*  of  tbe  Ijondon  New  River  Water  Co,  re 
malnoil  uneloaned  for  100  years;  at  the  end  of  which  time  the  accii* 

mubiiion  of  mud  was  al»ut  S  ft  deep :  or  ationt  1  inch  per  annom.  In  the  reservoirs  at  Fhiluda.  hb 
about  Ki  ini;h  annuul'.y  from  the  .Schuylkill;  and  about  1  inch  from  the  Delaware  water.  In  shallov 
reservoirs  ve:;e:ucioii  take.i  place,  and  injures  the  water.  A  depth  of  aboat  20  ft  appears  tn  prerenttkls- 

Water  flowini;  chr(>u:;h  mumh  lancLi  ii  isometimes  nnflt  for  driukiug  porposcs.  That,  for  InstaoMf 
in  som*}  sections  of  the  Oonconl  Uivcr.  Miissuebusetts,  was  reported  by  tbe  eminent  hydranlio  cogl' 
necr,  Loimml  K  -M-vin,  of  Boston,  to  bu  absolutely  pottonotts  from  this  cause. 

The  oouHtruci »!»  of  a  large  deep  nM«rroir  Is  not  only  a  very  costly,  bnt  a  very  hatardons  andcT' 
taking.  With  f.cry  watchfulness  and  care,  it  Id  almost  impossible  entirely  to  prevent  leaklBR; 
althouKh  this  mav  not  minifcst  itself  for  nio'ith:«,  or  even  jcars.  Shonld  a  £reak  occur.  espeeiaBT 
near  a  city,  it  would  pn)bably  be  attcndcil  by  prvat  Ions  of  life  and  property.  If  the  %titcr  onoe  lodl 
its  way  in  a  stream,  either  across  the  nnparv!  top,  or  through  the  bodr  of  the  embaukraeot.  thersfU 
dcstrunrion  of  the  whole  becomes  almost  certain.  In  a  few  rases  in  t?uro|<e,  walN  of  solid  nasMuy 
have  been  Huhstituted  for  earthen  embankments  ;  some  of  them  from  40  to  70  feet  high.     Their  Itat 

toward  the  watf  r  is  vert ;  the  outer  one  batters  -^^  of  tbe  height ;  thickness  at  tmse  -*^y,  and  at  Uf 

^^  of  the  he{;;ht.    The  same  proportions  answer  equally  for  all  depths.     The  qnaattty  of  massity 

is  eiual  to  that  in  a  wall  with  a  uniform  thlcknens  equal  to  half  lU  height.  Thev  oost  more  Ihsl 
earthen  embankments.    This  is  not  a  strung  form  of  wall  for  water.     Bee  page  531.' 

Art.  »0.  KTORf  V»  RKKERTOf  RS.  TJio  ontfre  annual  yield  of  a  gtr«UB 

may  be  mnch  more  than  HUiniricnt  for  «upplrin»r  a  certain  population  with  water;  and  vet  in  itsnati- 

ral  condition  the  stream  may  not  be  available  for  thlt  purpose,  because  It  becomes  neaflv  drv  in  snii- 

mer,  \rUen  water  id  most  needed;  while,  at  ofhpr  seasons,  the  rains  and  melted  snows  p'roduec  floods 

which  xupplr  vaitly  more  than  \a  Teqd;  ani\  w\\\cYv  mwthe  allowed  to  run  to  waste.    A  storing  rewr- 

r«/r  /.s  in  (ended  to  oollect  and  store  up  thi«  excess  ot  whIp.t.iioI^vwXWtrws  Ve  drawn  off  as  reqd  daring 

tbe  lirouifhta  oT  sutnmer.  and  thtis  pqnftU7.«».  the  iinx>v^v  \.V\T«a^\\<wAt\sft«^xVw  -s^Jt.  "WvVk.-^^Men  tbelo- 

oality  pcrmi ts.  is  cff'ctod  bv  bnildin«  a  dam  acrm*  ihe  nvnwro. V\  tctm ««»  Vv^♦. txt  \^».-ww>^<KTV^f<8^ 

r/ie  bf/j.s/opcs  of  the  valley  of  the  str^atn  lorm  t^e  oibw  *\<\es.  't>^a*VT«.m\^s^^^^'w*V«^»^VVwKsj^^ 

*perf 

L!}^  "'ream  without  allowing  It  to  do  Injury  ^^^^fj"^^'  ^\V^^«  ^a»V♦^».^«?  Vaw.^'Q* 
]r^t^''^\^  "^  «»»■*»>.  it  would  plainly  YjeWnWe  ]^^A»*^^^2^^5^\^5  va«.  tt>  yts^ViOft  %«ia«.^ 
fr  ithouid  b*.coTno  so  full  that  the  water  woti\AW^^.^,^«,  «t  ^««rsfto*.«««»^  * 
^^    »»y  means  of  masonry,  or  ot  crtbs  «V\eA  iiVxW  \>to^«^  •« 
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MbIdii  irlilcli  erOM  encli  ether  ■bonlil  IM  oonn»M«d  bI 

ftB  froH  ftfhB  dllHtlUL  ^ 
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cLnHd  vbLvh  pm«vUug  K  rrom  |«Lu|  fjiribiir.  Aat  idhbuIt*  TMi-UHiicSiklr  Motmt,  ■■!  It  tin 
dulqi  ID.  pBlu  4^i*D  altb  U  IM  Tilvp  V,  T^  HniflaDlUad  blr  tbn  i«<liiBtif  riniiM  Ikiwgk  *■ 
DT  »!«■«  (■ner.  moBIm  lo  tbi  lonl  uT  Un  unKi.  aumbt  u  In  vb  U,  p  »T*. 

Air  volvea  are  no  lau|[«F  naeil  in  city  pIpeBt  llialr  pliiw  Mtt 


Be*re«mBreMedaSrtGroiM(b  uislrv»lTr,«r«ii 
!■  been  known  to  produce  karaUns  of  tbe  ■ 


ODi,  aud  pwmllif  th«  ciduD 


openlnK,! 

plpwi  for  Uh  Mupe  b  lutar 

Iliitiui  H  ill  u»  mnnlr.    Tlib  lUi  Tkw.  lU  ••IviuWtr  liori.ni  ipikeii  arii^inUila 
The  quAiiUty  of  wator  reqd  In  ellle>,  hu  been  fuiidd  bj  eipar 


?*.s; 


itr.,"'. 


r--^ ^ Intatt,  u  rri«  muHgOiinA  M  piwil^  abHild  ke Lnmdu 

In  ttxlncnpon  tluidliunaof  jHpeoflu-auuuiiriugoiiHa,! 

ID  bw  In  BlvJ,  XDVthJ  hr  IM  RValcr  pvnbk  iir  Uw  H  ki4n'  jMd  la  ulaallj  dr 

^uriDgHljHialitriaiirvaf  dBrllabt:  ua  IkHrabrt  lb*  oapamj  of  A*  iJpH  mim 

runilik  IWalli  nippV  ■•  b""*  H~  "»■  >•  ><°°"-    '*^^^|f<>l  ^.°|»  hdub 

Art.  Kl.    NyolenH  ofHtreet  pipes  A>r  BnpplTliia;  olllef  ~i 
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Malna  whlelt  eroaamteb  olberaliaDld  be  <»nnreted  titi 
•C  Ibelr  IntBIBtietlBH,  tu  lUoir  lUs  waler  a  mi>r<i  five  FlrciiJstian  th 
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mailn  tor  (he  Wotor  Deportment  of  PbllAdelpbia,  a 


aiHllllaiu  I 


inUrMdibdt  ud  oicuLluIb'llH 


J^U.    B*ei7  pba  miul  ulala  A  uitaptrwiir*  or  BOO  ^tfrw  Fatmbrit,  befOn  Lt  It 
Aaatgotttaimtiet  dUnetor  aod  miwvi,  aUL  nqulrtka  TmslD  u  Iuhl  LbLri* 
hM  Mi.  u  MUta  Uili  HBiKnliini;  pntabli  »<»  In  slid  vulhar. 
fllM.    Tba  iwlloulin  nivl  ks  made  u  (he  laililkilUBfir  lUCUaT  Kii|lDnri>ril>e  WUkM- 
Snuft^    IVant  tvKuulDi  IlH  H[>«  >IU«i1rlia  niliiaii  lucbnlpBiu^uiuludii^t 
■Ubl  MoofdlDB  n  tlu  •ptflinaaUm.  mid  hv  hbhiuW  iBdriindBbL  of  Ub  wfttLnjt, 
TutiudinVMUdLt  thoHBiUjtBEtotaBBer  prVf'.    niiBJ'Lbanbt 'Ippfd.  alur  vblBfa^ltia 
ta  BHtd  lA  iha  birdnullfl  pnH  ts  mat  UM  THohtd  *>Hr  ptoor. 

jhMi;.  TM|*^««llHvlIltoMfk^m>lita»>bHwM«  U<vlp«.  ■ndutMluav 
«ldiBa/tni1f4ViaHal*«r  WknttiiBfvtliif  DfHrrlEVkuiHicbHBpTopfrlj-iippTtnl.  uddB« 
not  jElTB  imt-inrttlna,  whMhcr  fron  dortot  1B  imriaL  tHtla.  «■  manl(tDUilKj-,  u  ■FlkLI  HitapfliI 
ftr;l'UPDBln"irni-iihn«FiatruriiB^(>ut  var.  IfeaiilLis  aballto  olaaitotd  iuUn  bBfm  Uwab 
FaBDiaia  Qmur,  ObW  Bag  Tm4«  ri[iailM^ 
Art. 33.  Tbea7pIian.oriHphDrit  irnueti-sa  AcfabenC  InU.- wiiipaott 


'ftaoco  upivHTd  throucli  tlrt  lyylum  w  *- 


IbjiUla  lbuuibe><rririJiijin;>laVit«1"-"i.  Ibcluiinpld  iilli"ihi  £!•  t»m^.  Uivl'i  (Mi 
WWjUjdlhiT  tpfiao  ruli3  ilvto  io  jri'3fnrnr.lalii  nl|«.  TlitM  tulri  ■l»eE>i|iUUi»riiila 
mamtA  Us  13K  lalU  BDtBiUi  dUiBd  b;  Col  Croui^i  i/pbuu,  >lili  >  bud  u  W  n. 


DAMS. 


P  I 


ME»Bil?ni  Ibnmili  ibi  ul'l  biD'iilb  ibg  b>u  i1  oit  dmL^'nioiDu/bui  eu  Iblnkntu  ii  iHd. 
Ir  OtMluiD  )■  inrt  nr open  fur  ■  deplb  or  aal)-«>»  (L  It  1>  il  llmH^lur rii  main  11,  >i>d  liw 


£ 


:JS^x    S         19/fc  GRAVEL  '  1^ 


.Ill      U1ilmj>4ihriblcl«i1*edvtit;afPTetcrj«Dtiuni^)  t>^ 


I  .  t -'ii.c' 4>iii>isrHnirinniii,tl»iK>i 


■rvd  H  ntMlj  ilfttcU  rtfV  hi4  BnUiMVi  T^HVA»&iW^^Fi«^^ 
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Fig  S  li  a  canal  feeder  dam  on  the  Janiata.    Here  •  •  are  tlmbeni  stretataloe  elear  aeroH  tfce  i 
(about  300  ft,  )aud  ku«caluing  the  apron  a  a.  of  stout  bewu  tlmberi  laid  touaiiiug.   TumJul  •••-.^ 
with  atnae.  for  the  reteutiou  of  which  the  truui  Mheeiing  piauk*  were  adtied. 

Fig  6  id  on  the  8ob  Nav  ;  wai  bailt  in  lbJ5.  It  in  a  form  niuoh  approved  of  on  that  wore  ?  •-  n:z 
■Ituationa:  namely,  iirm  rock  foundation,  with  a  oon«tderable  depth  of  water  in  frvut.  Tm  i-^-rti 
dam  i-ll  ft)  ou  the  Sch  Xar.  ii  vrrj  riiuilar  to  it;  built  in  IM&I.  All  the  damn  ou  tni«  w-.-fi  a—  -' 
hewn  timber.  ehietlT  white  nnd  velkiw  pine.  The  water  oeeaitionallj  runi  froui  0  to  IS  fee:  or-i  i  iir 
their  cre«ta;  aud  then  uvtrrtowd  aud  cnrruun-ij  manj  of  the  abuu.  The  rurtical  Imct  %.!.»•  'Jit 
orerdowing  water  to  leak  down  among  all  the  lower  timbers  of  the  dam,  and  thus  trni  u  laer 
preserration. 

Fig  4  tbows  the  dams  on  the  Monongahela  slackwater  narlgation ;  W.  Milnor  Roberts,  etg.  Ti.ij 
are  of  round  logs,  with  the  bare  on ;  flattened  at  crossings.  The  longest  ones  in  tiie  fig  are  IC  'rvs 
apart  along  the  length  of  the  dam.  Experience  shows  that  sncb  dams  posseaa  all  Uie  strvocu.  iwecS- 
sai7  for  violent  streams.    On  rook,  the  lowest  timbers  are  bolted  to  it. 

Fig  7  has  been  svcaeaefbtly  nsed  to  heighu  of  M  ft.* 

Fig  3  is  intended  mereir  as  a  liint  for  a  very  low  dam  on  Yielding  bottom.  Its  main  sappoti  an 
piles  ii,  from  4  !■■  ■■>  ft  apltrt.  arc<7rding  to  the  height  of  the  dam;  and  other  circum->taDe<r> .  uii  ri 
are  short  piles  for  «'j«taiH:ax  :'ie  aprun  dd.  It  may  be  extended  to  greater  lieighu  by  ki>2ii.{  Irmrt* 
in  trcmi :  wnioh  mar  be  c-.>vfrtf  1  by  «toBt  planks,  to  form  an  ineiiued  slide  for  the  OTertani:.£  «:.:e-. 
Many  eSectire  arrangemeu:*  nf  piles,  and  sloping  timbers  for  dams  on  snft  ground,  will  »ugceT;  ii-tar 
■elres  to  the  en jine<i'r.  Tdu«.  at  iniervai« uf  several  feet,  rows  of  3  or  more  pilei  may  be  dnrfc  znj.— 
rersely  of  tne  dam :  :De  top  of  the  outer  pile  of  each  row  being  left  at  the  Intended  htright  or  ire  rvz. 
while 'th«c  behind  .tre  «-:<>ce»>*.rely  inven  lower  and  lower:  so  that  when  all  are  afterw^rl  rc- 
neetei  by  transTr.'«#  and  lon^it-jliiial  timbers,  and  eorered  by  stout  planking,  and  grarel.  zxitr  wA 
form  a  dam  *om-.-«i.at  •f  ::;e  trisngular  form  of  Fig  7.  It  would  be  well  to  drire  tne  piles  wss.  ah 
tneUnatiou  of  tbrir  ti-^p*  u^>  «irvam. 

There  is  much  «o-«ptr  f>r  iD«.-:.ji:y  both  in  designing,  and  In  eon^tmeting  dara«  nnder  rariMJ^r- 
camstanees :  and  in  turning  t  *.?  .*  >  ir^e  ff  the  water  from  one  channel  to  another,  by  mean*  c  '  tl'.Sit*. 
pipes,  or  troB$a«.  kc.  a:  diff  .'.•.•:;  ,it:  ailed  at  times  by  lo«  tem[>orarr  dams  '>r  m'>uadi  o?^am.  €€ 
of  sheet  pile*.  Ao .  jt  t>y  e-Ser  i^m* :  h>  as  to  keep  it  away  fr^m  the  part  being  buiit.  Eaei  1  ck.  rr 
w.ll  hare  lU  peculiar  features :  and  the  engineer  mnst  depend  on  his  judgment  to  make  t£e  b:»i  ti 
them. 

Abatmentn  of  dam*  as  a  tre-nerel  mle  should  not  cnntmct  the  nstsnl 

wilth  of  the  ftTTana .  .^'. :'  t^f".-  s  jm  i.i  »o.  as  ;i:tle  as  postiUe:  for  c --u tract io!.«  incrca'K  t£e  Leipst. 
and  t  ik'ieace  of  tr.o  i-ior^o'B  .iic  ^x'.fT  :a  ::me  of  fne^Leu :  daring  wh'.ch  a  great  lenriii  '.•f  nrer'al.  ii 
•specially  de>ir:i:>.e.  T!:m  f  r..^u  i  ^e  lerr  flrotlr  connected  wiia  me  etids  of  th-*  dim«:  ani  *b.>oiA. 
If  the  section  of  i^«  vs. ley  air:;;:*  :'  n.  te  si>  hign.  ani  earn  "A  so  far  inland,  that  the  birh  wsxr 
of  freshets  «i'.:  n  >t  **i-epi.:itT  c^rtr '.bim.  or  ar&aad  i*ieir  extremiti««:  and  thus  vndanger  naStP- 
miaing.  and  de^'r-.^.u-L.  In  siJe.  rSat  ihlleys  laey  eatinM  be  •«  extended  without  i>to  m>?s  ci- 
pense.  aai  ir.e  -..'..•-  »  ::T.k::>e  .*  :<>  r-^jl  !r.en  fcj  if^f'-T  ^^^  te-T-^re'.y  a*  tn  withftand  nefe 
action:  ask-.r.;  :r.e:r  Ci-^i::.:  <.:.*3  :r.u  tr>ey  «;I1.  at  ieast.  be  r<Trr9vwe.l  i.ui  veldnm.  Tb«':r  cadi 
aljacvai  »»■>  ;!:<•  !a:c.  *t "... '.  :-e  -  ..:.  1«.1  c  5  *:  a*  v>  fa;:l.u:e  Tse  fl-»w  cf  :a-  watrr  ovt-r  the  ervst. 

TSey  are  ^e^".  :  -:.:  .■'  .*-ci-  >::-?  .a  ,vn»ei;  for  a.:&ou$h  »  .S?ifDt  s:ren?:h  may  be  sec::red  by 
I'taVf  :>at  csi^r.x.  !■.•:»;>  rii::i.<  :c  »ji.-&  #i;<.viu'ea.  If  of  earu  oi.iy.  thvy  are  rerrapttpbe 
carried  aeay  :!  a 'r<*i. ;  *:.  ...i  .  x-.-n.-i  ir.ea. 

Alulees  «honl«l  be  plneed  in  ^r^rj-  important  dam. in  oMerthat 

all  the  waur  :a»y  ;•!■  .'irk^r.  .-5  :'  s^.'Vfc^arr.  fw  in  ;«ar;»M»  ff  rsr}.a:r»,  '-r^-f  renmiiuc  mnl<1rr>':': 
or  fia.i:af  .»■*•:  a- ;.;.■■»  .■':..■..■  -:*-.■-.  kr.  'TSf  •  say  »  aB*--s;T  »:r-»a«  lo.^i'ij*.  wit',  floor.  »ile*.  stl 
lAp  <«7*4us-vl  ■..•^••tr*.  :-!  :  k*f.tr  •.-"■■;cli  !?.■€  Tiritaltt  .'tae  £aa.;-i«i  a:»->v-  th*  b->it-im.  T-pr^ 
vent  ;«*■»  *.-  'r  ■.«.  «r.::r  -.-c  x...\  »:,:i.:c  'fc«>!  s.  :lj«a  »:■»?  Citii  <•'  str-^aj  scree'ii  I*  expe-lieBt.  li 
C'SiSkAB  ffc««  a  »  .-...-^  ♦•  ...'.  :..-:  rjrrtti  a^.■•il  ?-«  fJ  iy  j  *  is  rr,>s»-i>«r;'i'!. :  o:!i>»rwi4«  i;  becNB<* 
hard  ;*Wv"'-t  T«  t  r.--?  *_.-*■  --.vt  i.c>  asy  tie  ^s*!  wr-er  aac^  *at-.T  !•  u-.  U?  r-id«~i.  They 
ah.-^&'.d  ^e  »f»T  -.".  »:..:.-..<;.:*  T^^  f%:r*  .•-  viuif*  ':<r  {<it-z.:z.f  ktJ  s'-::icg  t'.em.  nh'^uld  be  at  :t* 
»;« t'.rrasi  eil  '-.!"»:  ;;f  :wt'  :■:.•.  k.'>r-:z...kii.%:.*  -f  a:-5  kr  *:  1  S'.  tt.*  •lui.'e*.  an-l  prewoi 
Utrm  'fr.'-m  ■* .'' k  zc  T:f»  *.-?  ..»:.«.  t  ••'  j  n.r*tr  aal  lO-.ie  te-ij-t'.y  ia  rebate*:  t<^:ng  raiaed  sad 
l.-iweTTi  ^y  rsrt  a:.i  7  : .  z  r-i  .:.  i-f-*  .TrT»--tax!  iaa*  tbeystkr  t»»;r  cast  ir-.a.  Twoaeuof  *Is<ett 
ar*  i^»..ra^.■e     its:  ■:.f  :;.*»  v  i,  w^Tf  ■~rfc-..'  '..r  lh    f  :&e  :fl:.-f-  ;»  tt-yj^-J  T..r  re|-air*. 

T?if  pkn  :'  it.t  »7>-  :.  :.  '-.  r;  .•"  :r.f  «.  ti.'e  f^^4.if  &e  partiPi-arJy  tna  «£■  as  ni>:  t*  be  derangci bj 
tbf  ••suT  r*»t..tf    _i  -.  .U:  ».  r.fj  ^f•fci 

IWani«  are  «>ometlme!k.  bat  rareljr.  built  in  tbe  form  of  aa 

;:r.t-  x  v.:  *;:■•  ...:  "  ..  *  ''rrz:.  ;*  fTrr.i::  &.Zi  i  wh'n  T'l-  i-V.T^*  are  ..T  nvk 
:i  TBat  r«e  t\y:-.  ■;:■,-•.  .  :■.:";••  t.Kt.tt  a-t  n.-.*^  itfy  wl..  lis  txjKtfi  v-  we^r  by  theearreui 
ttr.^ec  h(%.T.n  .ff  X  a.  .:  (  *;■...>  .-•'  .i>f  *  tt. 

.41  tlnie«  dani«  are  bnilt  oblldineljr  at ■  — m  tbe  stream,  with 

lAe  .■»ti»!»::  .-.'  .;:"^i.>  ;i  • .'  'tt.p.i  ki :.  .-vir  mpc  irf-r  l  •  •v.tnrr.'Bc  Lbe  4e«h '•*  »-»T-roier  iheenf«t  is 
umr*  ..'  -.-«?  ■  >  '."  }■<  i.-i.  m--.  .  ^.'  •1  ■•f*  k;-:it>fc'^  r.-  '^•  •—  ur  tr  be  .-■•  r-=i  l-t:.*  »*»2ht.  Ina#a»*'i 
a»  .^f  i'.".i.-;  ; .-  -  ■  .  :  •■■  :.  f  v  ■■?■ '  I.i  a  •  •  ^  r.c  .■:.•>^k^.'^  tr  frT*?c '— -n  :**  ^<i?ti:  anlw*r!l 
\i.f'T''.t-t  1.  K --■•,•  ;i.--!  I.:  ■  -•••■. fc'i'f  i-f».v.  T  f.n.  i..«it  r.c  s^ir  •.t^  ct  fib'  ■»•"■■.■  wr-i  di«tr?c:  a**'*. 
II  .-.-IS- 1-1  .■    ,it     ;  .— .  fc-ii-;.  .-%.».  I  .a     »  ii--(<}>a)i  •  a.  ••ii->  bbt^  ilkr  .loiaBirz.f^ra:*  «::f>  anv  adranta^ 

.^^me  d.'%nt«  are  *nbje<t  tdk  **  \t < labitng^.**  w:.i-h  h^ri*  not  l«-^ii 

*ai  ■•,••.•*  /,•    •   »..■•.•.-    •  ■  »•  "1    •:■.♦*•      Xi'-n.*"  "1-  :■*  'lA  ■  v*-  \.'tat.\..u;.i--  <>    •  \\»  %«•■.  j»rf»i!iic*1  be 

■'.V    •*.    ./.^  •  1  ■■  •      .  :       »  »  .)     i-'w    ii.v    •   .-II.*!  V -%.■      t.1.  ••■  >r.Titw-wv^  V.  '.  v\-*vw*«>'  "—.x^^ 

f^'   a*.:-»f        a  f     >  I,    .    L  |.    «  I      »    .    ■;  »v   -■•«T«W!.  it  .1  U«\  >»i»iiW   «    .1.  «<M  S*^*.  *.»  V-;.\-..-.i. vm*\vw«'!f:*\ 
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i«  proper  time  for  building  diknia  la  of  coone  si  the  longcai  psrloA    i 
t  lueertitln  In  mlvMnce   apppaxlnnil^ly,    tile    helglit  fA  I 


Sm^wS?  °uc 


I 


ot  BTdraalln.    Baa  ■!■ 


When    tlie  dnui   la  oria-lnallr  »     rb- I 

■attmericed.  op  drowned  one.  aa  I),       ^^^^^g—'— '— - 


kiitfri^wld? 


%9 


er«bledli 
The  Hhort  luble  on  pnire  317 


QEAVITT,  FALIINQ  BODIES. 

-   .VtaediBtthroWti'wh'leh^BbodyVitllBl^^lyhiih^fl'ii 

^bsBli  U.I  n:  iDd  II  iDcnuii  u  iDi  iqum  nT  i£e  iIiuh.    TDcmlbn  u>  Ind  ik<  DiiBbiiriir  Eb« 

Tbsdista  Ihllen  In  uqaoleoiittecuiive  lime*  an  ae  1.  3,  fi,  T  tc 
_^n«  vel  which  a  rnlllnii  body  iicqnlrea  ni  ikr  tnd  of  iliv  Hnl  kc  !• 

To  Und  (he  »el  In  (t  ppr  flee  »ci|nircd  In  fulNiijr  (hmngh  ■  giren  dM, 

To  and  Ihe  lline  In  aeCinqulrsd  lu'fUl  Ifaruaglii  kiihi  illil,dirldt  Iba 

^%o  And  the  Dill  in  ft  required  lo  impart  h  (jf Ten  teI  Id  n  poriiHi  Dnd  III* 

^ff  a  hody  he  tliroirn  vertlcnllv  npwordii  witk  s  giiBn  •■!.  H  wCIl 
HHOtUimilielihithiiii  wbioO  U  mill  lull  hlka  In  ndir  u  uqnlri  ulliil;  •b4IuiU  (111 


SUSPENSION  SSIDQES, 


.1 

"ffi. 

-.r^s.'i.iSi^^i.'siS^""'-"-  "" 

HMla 

Detmilou 

.sei; 

iS 

"■Si? 

*se' 

s 

1 
1 

:l! 

1 
f 
9 
"i, 

■OlS 

1 

1 

1 
1 

s 

1 

si 

11 

1 

1 

ble  la  maklnic  (be  drawliiK"  st  a  (upiiii 


Th«  rule  eomtnnnly  |[lv«n  for  the  leiiKth  of  •  pambela.  It 
«llllP«ly  erroneons.    S<«  pan.bola,!!!  MeDauratioD.   Tliui.  (i  m>lM  Ibc  lut 


The  deflection  usiinlly  Mdopted  by  eBflneen  for  gnut  qiui  k 


t^.?^ 


^3£ 


or  ika  uwvb;  tuvHbjrelLBvimflia^jwtar  Efa«iiBAJB]  u  wvlluiUmli^tiliif  uanlaUH.   Ttn^   J 


KiArv^^Hbi^^^^^^ '*■'■■  Bltb«d«t»;?dDr  Injuns  Id  tlifl  ■•ma  H47.    Wbn  lli^£il^lDf«b«    I 


later  tUAwtfUdllArrnlpDlai 


lifini  Billniii]  brid(i  M    I 


Art.  2-    Tb-raglcadg.ai 

^lUr  polBL  of  .ii.nn.lon  .  DC  J.  Io> 


lid,  iiuiitdtliv  angle  air 


Art.  S.    To  Rnd  the  nst  Bine  of  the  kiicIf  of  (Ilr*«tl«B.  adai 

ki?lii(  Un  ipu  Qr  abud  gdi  ud  U>a  ihB  ■  1,  u  Uu  guur  of  ibi  miilu  oualbi.   t<«  pcmdiii  UbU; 

IquircniODin.    a<1<  Ibli  niuiii  lo  >,    Tuna IbTiq  » dF  <>ui  ilui,  lod  SklT li  (,    Hulc  U»  di^Uot: 


,    ir  tli«  chord  o  d  be  nttt  bor,  u  la 
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SUSPENSION  BRIDGES. 


L  .  l^  the  entire  migkt  ol  tte 

'                                    I            J^%,         f  In  Fig  *  *lw.  the  eoglM 

S    ^^<^  ^\        j  are    nnequal;    ead,  ooeie- 

yf"^"'      ^^\     {  qnently,  the  pres  ae  U  nn 

^^„.„'^'''\^,''''         ^^^\  I  vert;  bat,  in  thU  Inaunee, 

_..— -"''^       ^\             JH^%  \  I  1%        ik                  itfl  amount  Is  greater  thta 

C                      .''x\          ^B^    XS  Xiq'r                in  Fig  a.    in  all  tbeteeaMt, 

I  ,.-'     **  \      ^^^^/\  *                       >f  the  roUen   opoo  wblek 

V                 \    ^^^^^K     \  (be  chains  elide,  were  lop- 

\^^^^^^^     \  ported  bj  alngle  tbln  poaU 

j^^^Hj^^k       \  or                 instead  of  piera, 

^        J  ^^^^^^^^^(1    Xlk  then  a  o  would  show  the  pre- 

■miiimkkmmimkww^kk<^I^^W^^auMu#u>wiiuuwiikiiPw       Efi.'S*tbarthrpSlbJSlli 

pads  preeiselj  along  tbcir 
axes.  If  we  suppose  symmetrical  piers,  ai  d,  to  be  used  In  eaoh  case,  the  base  id  fit  that  lo  Fig  2, 
may  be  much  narrower  tbau  iu  the  two  other  figd;  because  the  direction  of  ao  being  vert,  tbe  prH 
had  no  teudency  to  overtaro  the  pier.  In  Fig  2,  tbe  masonry  of  the  pier  should  be  laid  in  the  naBil 
hor  courses,  in  order  that  Its  bed«joiots  may  be  at  right  angles  to  the  pres  upon  them. 

But,  in  Figs  3  and  4,  if  the  bases  were  mode  as  narrow  as  in  Fig  2,  the  lines  of  dlreetioa  acif 

,  the. pres,  would  fall.outside  of  them;  and  the  pier*  would-eonsequcutly  be  In  danger  of  OTertnnriiif. 

Also,  the  stones  of  the  masonry,  if  laid  iu  bor  courses,  would  hare  a  considerable  tendency  to  ilin 

on  eaoh  other.    To  prevent  this,  the  beds  should  be  at  right  angles  to  a  o.    Such  points,  howertr, 

will  be  found  to  be  more  fully  explained  under  Force  in  Rigid  Bodies. 

In  Fig  3,  the  obliqultr  of  the  pres  a  o  would  tend  to  slide  the  base  of  tbe  pier  outward,  as  sbswa 
by  the  arrow ;  but  in  Fig  4,  inward.  This  tendency  is  produced  by  the  \or  component  of  the  (bm 
an.  The  amouat  of  this  may  be  found  thus,  in  either  flg:  From  a  downward  draw  a  rert  line:  tsi 
from  o,  a  hor  one,  meeting  it  in  e.  Then  o  e,  measured  by  tbe  same  aeale  of  tons  as  before,  will  |h« 
this  hor  force :  and  a  e  will  give  the  vert  component  of  the  pres  a  o.  The  effect  upon  the  pier  of  Ike 
one  pres  a  o,  is  precisely  the  same  as  would  be  produced  upon  it  by  one  vert  force  equal  to  as,  seAft 
hor  one  equal  to  o  «,  acting  at  the  same  time  ;  as  expUlned  under  Comp  and  Bes  of  Forces. 

If,  in  either  flg,  we  draw  the  vert  lines  xh  and  s  k,  then  a  k,  measured  by  the  foregoing  seale,  vfll 
give  the  tooii  of  Aor  pull:  and  k»,  the  vert  pres  produced  on  the  pier  by  the  baclcsuy ;  and  A  «  sei 
Ax  will  in  like  manner  give  the  corresponding  forces  produced  by  the  main  chain.  If  weaddtogsthcr 
k  t  and  h  X,  they  will  be  found  to  be  equal  to  a  e ;  and  if  we  subtract  a  Jc  from  a  h.  their  diff  will  equl 
OS.  It  is  this  diff  only  that  tends  to  slide,  or  to  upset  the  pier;  the  other  portions  ot  ak  airf  et, 
neutralizing  eaoh  other  in  that  resprct. 

The  foregoing  strains  may  all  be  calculated  thus: 

The  borpuU  inward  by  the  main  chain  =  Tension  X  JVM  (htlne  o/  mat. 

«    <.      •<    outward  by  the  backstay  .  =  Tension  X  Jf at  Cosine  of  n*M. 
Vert  pres  by  main  chain =  3'enston  X  N<U  Situ  of  m  mt. 

*'      "     "backstay =  Tmsion  X  Nat  Sineof  nsiB. 

The  towers,  piers,  or  pillars,  wtaicli  opbold  tbe  cbalms  er 
cables,  admit  of  an  eii«liess  varietur  in  oesigrn.  According  to  cir- 
cumstances, they  may  consist  each  of  a  single  vertical  piece  of  timber,  or  a  pillar  of  cast  or  wrought 
Iron;  or  of  two  or  more  such,  placed  obliquely,  either  with  or  without  connecting  pieces;  like  lbs 
bents  ot  a  trestle,  as  in  auy  of  tbe  Bgi  on  page  307.  Or  they  may  be  made  (with  any  degree  of  or- 
namentation) of  cast-iron  plates;  as  in  irou  house-fronts.  Or  they  may  be  of  masonry,  briek, or 
coucrete ;  or  of  any  of  these  combined. 

Each  of  the  snspendin|p-i*ods,  through  which  the  floor  of  the  bridge  is 

upheld  by  tbe  main  ctiaius,  requires  merely  strength  sufficient  to  support  safely  tbe  greatest  losd 
that  can  come  upon  the  interval  between  it  and  half-way  to  the  nearest  rod  on  each  ilde  of  it;  in- 
cluding the  wt  of  the  platform,  Ao,  along  the  same  interval. 

In  anchorins:  the  backstays  into  the  frronnd,  it  is  necessary  to 

secure  for  them  a  sufficiently  safe  resistauco  against  a  pull  equal  to  the  strain,  as,  U|>on  the  backstajt 
This  safety  should  be  as  great  as  that  of  the  main  chains  against  that  same  amount  of  tenaieo. 

As  to  the  anchorage  of  the  cables  below  the  surfa'^e  of  the  gronnd, 

natural  rock  of  Qrtu  character  Is  the  most  favorable  material  that  can  present  Itself.  When  it  is  Bot 
present,  serious  expense  in  masonry  must  be  incurred  in  large  spans.  In  order  to  secure  the  aeeesseiy 
weight  to  resist  the  pull  of  the  cables.  Our  Figs  4^  give  ideas  of  the  modes  most  frequentiy  adeptfl& 
For  a  very  small  bridge,  such  as  a  short  foot-  bridge,  for  instance,  the  backstays  may  simply  be  ae- 
chored  to  large  stones,  t,  Kig  A.  buried  to  a  sufficient  depth.  Or,  if  the  pull  is  too  great  for  so  sinpll 
a  precaution,  the  block  of  masonry,  mm,  may  be  added,  enclosing  the  backstay.  A  close  ooveitel 
of  the  mortar  or  cement  of  the  masonry  has  a  protecting  effect  upon  the  iron. 

To  avoid  the  necessity  for  extending  tbe  backstays  to  so  great  a  dist  under  gronnd,  they  are  nsaallT 

curved  near  where  they  descend  below  the  surface,  as  shown  at  B,  D,  and  B ;  so  as  sooner  to  resra 

the  reqd  depth.    This  curving,  however,  gives  rise  to  a  new  strain,  in  the  direction  shown  by  tbe 

arrows  in  Figs  B  and  D.    The  nature  of  this  strain,  and  the  mode  of  finding  its  amount,  (knowing 

tbe  pall  oa  tlio  backstay,)  are  very  simple;  and  fully  explained  under  the  head  of  Funicular  Us- 

chine,  page  463.     The  masonry  must  be  disposed  with  reference  to  resisting  this  strain,  as  well  u 

that  of  tbe  direct  pull  of  the  baclc^tav.    W\l\i  i\iV*\\ew,  Vtv«^^wil»t>T  atone  on  which  the  bend  rests 

should  be  laid  in  the  position  shown  "in  Flg  D  ;  ot  Yjy  tV^e  aVusC^ttXAw^VaYV^'ft.   ^manXSmes  the  bend 

Is  made  over  a  cast-iron  chair  or  standard,  aR  al  i.  F\&"B,  ^J^^^J*lSSl^V?i'!t^^*^^^'^^-^v^.^  »-v 

yig  R  show,  the  arrangement  at  the  Niagara  railway  ^''^^^f  ,^^,^:^^V*^^^..^i^f^^ 
end  at  cc:  ani  from  there  down  to  their  anchor,  tYje|  f ^^»'^*^.^!^^!"^X^:U.Sf^ 
f"  co„.po,,,rt  „r  (nhoroHtelv)  7  or  8  parallel  bara  o!  «^'^^^T^^^^);^\X^?^^SJv^X^                            ' 
«  in  Fjga  41,  pago  29.J.»  '  Each  of  the  1  bara  ot  eacYi  \\n^  \a^.%  w  > 


^      IIvAAa  V\»^  ar*  -nwasJ^^  -waft*  *»  «i ' 

^hcn  chains  of  Iron  bars  are  uaeA  VnateaA  o^^^'^.^JJ^  t\»&jSaai».^v>B«n%^^ 
e  bar  Iran  has  but  about  half  tbo  teuaiU  •UWB.tb.ol  'wvx*. 


nee  bar  Iron  has  but 

ia«  -H  ifreat  ad  that  of  a  oable. 


irnleh  tli*r  nrv  MttcIiorMi,  it  is  sUfsi  to  canaider  t 

■inUiiDiiiiidtDiIiillhrdlailislrnniiidi;  sltDnwIi,  »hK  IlHinailiiA 
.L..,„  =uigi  11  Is  dlmlsliB  \  BwriDll/  Ata  l*Vt^  anrvdl.  u  U  >,  l"~  •  ••■ 


VtdiLlbiiii — -, .  ...  — .^ — '"B;i;kd"~uitai 

TliisiHaiiisilbDTDUiiiUd  u  luoti  >  Itplh  u  sn  In  ilidilij 
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SUSPENSION  BRIDGES. 


TTo  do  not  think  ihat  diagonal  horizontal  bracing  thould,  aa  U  nioal,  be  omitted  ander  tht  Soar* 
It  muy  ruadily  be  cffl-cted  by  iron  rods. 

All  the  cables  ueed  uot  be  at  the  Mide*  of  the  bridge.  One  or  more  of  them  maj  be  orer  it*  axi*; 
especially  in  a  wide  bridge.  Que  wide  footpath  lu  the  center  maj  be  lued,  initMad  of  two  narrow 
oiieA  ut  the  aideii. 

The  pluirorm  or  roadway  ahould  be  lUghtly  cambered,  or  corred  upward,  to  the  extent  mj  of  aboot 

ir^^  of  the  span. 

Art.  11.    The  Niag^ara  saspenslon  bridge,  built  ia  1852-3,  John  A 

Rocbling,  en;{ineur,  coniilstfl  of  a  aiugle  ipau  of  O'Jl^  fi  meaioredstralght  from  center  to  center  of 
towers ;  and  MX)  ft  of  clear  suspended  length  of  roadway.  It  has  two  ttuori  or  roadways:  the  npper 
one,  for  a  single-track  railway,  Li25^  ft;  and  the  lower  one,  for  eomuon  travel,  2i)i[  ft  wide,  out  to  oat 
of  everything.  The  lower  one  is  lU  ft  wide  in  the  clear  of  everything.  They  are  17  ft  a|mrt  TeTtt 
cally.  The  traasea  are  18  ft  total  height,  throughout.  They  are  on  the  Pratt  arrangement:  Me  p2M; 
with  verticaU  5  ft  apart  from  cen  to  cen ;  and  single  oblique  iron  rods,  1  inch  square,  mnning  ia 
each  direction  across  four  of  the  5  ft  panels.  Where  these  roda  pass  eaoh  other,  they  are  tied  together 

by  10  or  13  turns  of  -^-r  inch  wire.    Each  vertical  oooaists  of  two  pieoes  of  ^^  by  6}^  timber,  plaeiS 

414  ini  apart,  to  allow  the  oblique  rods  to  pass  between  them.  Both  npper  and  lower  floor  girders  m 
iu  two  pieces,  of  1  by  16  ins  each.  Pairs  5  ft  apart.  The  tops  and  bottomx  of  the  verticals  pass  be* 
tween  the  two  pieces  which  form  eaoh  floor  girder.  There  is  no  cotUintunu  upper  or  lower  ebori. 
Mo  tenons  or  mortises  are  used  in  the  framlug. 

Tbere  are  fonr  cables  of  iron  wire ;  two  on  each  side  of  the  bridge.  Each 

cable  is  10  ins  diam.  The  wire  is  scant  No.  tf  of  the  Rirniingham  wire  gaugo,  or  scant  .148  inch  diasu 
Sixty  wires  have  a  united  transverse  section  equal  to  one  square  inch  of  »olid  iron.  Each  of  the  totr 
cables  cantains  3610  wires,  with  a  united  cross-section  of  60.4  sq  ius  of  solid  metal.  Therefore,  tks 
area  of  solid  metal  in  a  section  of  all  the  four  cables  together  is  241.6  sq  ins,  or  1.678  sq  ft ;  welgUBK 
814  lbs  per  ft  of  span.  The  wires  of  each  cable  are  first  made  np,  in  place,  into  7  small  strands;  aad 
these  are  flrralr  bound  together  tliroughout  by  a  continuous  close  wrapping  of  wire.  The  strength  of 
each  individual  wire  is  16(0  lbs.  or  .73214  of  a  ton.  This  is  equal  to  98400  Tbn,  or  43.93  tons  per  aq  laok 
of  solid  metal ;  or  to  59(3360  lbs.  or  2653.3  tons  per  cable ;  or  to  10613.2  tons  ultimate  strength  of  tk* 
four  cables  together.    Ouc  cable  on  each  side  of  the  bridge  deflects  54  ft ;  and  the  other  64  fi;  avenfl 

deflection  59  ft,  or  about  ^if  ^^  ^^^  span.  TfTith  this  av  defl  the  tension  on  the  cables  at  the  topsof  tte 
towers  averages  I.H2  times  the  total  suspended  wt  of  the  span  and  Its  load.  See  table.  Art  1.  Tbevt 
of  the  suspended  spau  it&elf  is  about  900  tons ;  and  if  the  greatest  extraneous  load  on  the  two  flooit 
together  be  taken  at  I  \i  tons  per  ft  run,  we  have  the  total  suspended  wt  900+  (^^00  X  1  ^4[)  =  1900 toss. 
And  1900  X  1.82  =  3i3H  tons  tension  at  tower.i;  or  very  nearly  }^of  the  ultimate  strength  of  the  oablei, 
without  any  allowance  for  momentum,  or  wind.  But  such  load:<,  although  possible,  are  notpemittsl 
to  come  upon  the  bridge;  and  moreover  a  part  of  the  strain  is  borne  by  the  upper  stays. 

The  wires  were  perfectly  oiled  before  being  made  into  strands;  and  when  the  strands  wereMbl( 
bound  together  to  form  a  cable,  the  whole  was  again  thoroughly  saturated  with  oil  and  paint. 

The  cables  do  not  hang  vertically;  but  the  two  upper  ones  arc  about  37  ft  apart  ftx>m  center  to  oCt* 
tor,  where  tbcy  rusit  upon  the  towers,  (where  all  four  are  on  the  same  level ;)  and  are  drawn  to  wUkla 
13  ft  of  each  other  at  the  center  of  the  span ;  and  at  the  level  of  the  railway  track  on  top  of  tks 
bridge ;  while  the  two  lower  ones  are  about  39  ft  apart  at  the  towers,  and  25  ft  at  the  center  of  the  spaSi 
and  at  the  level  of  about  halfway  between  the  two  floors.  "s 

This  drawiug-in  of  the  cables  contributes  much  to  lateral  stability ;  as  do  also  the  upper  and  lower 
floor  of  stout  plank.     There  id  no  horizontal  diagonal  floor  bracing. 

There  are  621  suspenders  of  wire  rope,  I^b  i""  diam,  and  5  ft  apart,  or  corresponding  with  the  floor 
girders,  witich  thc^  uphold;  and  with  the  wooden  verticals  of  the  trusses.  They  do  not  hang  verti- 
cally ;  but  iiicliiie  inward. 

The  masonry  towers  are  all  founded  on  rock.  They  are  7Ri^  ft  high  above  the  bottom  of  the  bridgo; 
and  60*^  ft  above  the  upi>er  floor.  The  two  at  each  end  of  the  span  are  39  ft  apart  from  center  to  cen- 
ter. At  the  level  01*  the  lower  floor  they  arc  19  X  20  ft ;  and  21  ft  apart  in  the  cle«r.  At  the  level  ti 
the  npper  floor  they  are  15  ft  square ;  and  24  ft  apart  in  the  clear.  From  thcro  they  taper  regularly 
to  the  top,  whore  they  are  8  ft  square.  They  are  built  of  limestone,  in  heavy  dressed  hor  eoarsei; 
laid  in  cement ;  vertical  Joints  grouted.  The  npper  courses  are  dowellod.  On  top  of  each  tower  ia  a 
cast-iron  plate,  8  ft  sq,  and  2>^  ins  thick,  bed<led  in  cement.  Part  of  the  top  of  this  plate  is  pisned, 
as  upon  it  move  the  rollers  which  support  the  cast-iron  saddles  on  which  the  cables  rest.  Ateseh 
tower,  each  cable  has  its  separate  saddle  and  rollers.  Each  saildle  re^ts  on  10  cast-iron  rollers  23)( 
ins  long,  and  5  ius  diam,  carefully  planed.  They  lie  loosely,  and  close  together;  and  are  kept  in  plsoo 
by  side  flanges  on  the  Iwd-plHte. 

The  cast  saddles  are  each  5  ft  lonit,  by  25H  ina  wide.  Their  bottoms,  which  rest  on  the  rollers,  sre 
flat,  and  planed.  Their  tops  are  curved  to  a  rad  of  6^4  ft ;  to  suit  the  bend  of  the  cables  o%-er  the  pier* ; 
and  each  saddle  has  a  lougltudiual  groove,  in  which  the  cable  lies.  The  passage  of  the  )ie«rie*(tniM 
produces  less  than  Si  &"  i>>ch  of  movement  in  a  saddle. 

The  floors  have  a  caml)cr  of  5  feet. 

A  change  of  100^  Fah  of  temperature  causes  an  average  variation  of  about  2^  ft  in  the  defleeHsB 
of  the  cables,  or  in  the  camber  of  the  roadwaj-ii;  and  one  of  150^,  (about  the  extreme  to  which  the 
bridge  is  exposed.)  about  3?-4  ft.  The  passage  of  a  train  weighing  291  tons,  and  covering  the  entfra 
length  of  the  span,  caused  a  deflection  of  10  ins;  and  an  ordinary  train  deflects  it  only  fhuaS  toS 
Jnobea. 

Tbla  bridge  has,  since  the  year  18.^3,  demonstrated  the  applicability  of  the  sospenslon  prineiplata 
large  span  railway  bridges.    Its  entiro  cnst  wa^i  uov  qaVVft  $^NA,WA«   ¥qv  more,  see  top  ofp  588. 

Art..  13.    The  wire  »nf»pensi»%%  \>r\A«fc  ici^wr  ^itv!i\mTit^%«Up 
«erf»tid,  finishod  in  1834,  Mr.  C\\a\ey,eu?;\Tve*T,Wi^  v^\\\\  Vvv  \v\\  vfcTxX^^^ 
^ery  simple  cr.nstnictlon,  and  has  served  m  tVxe  vrojAt^^  t«jw^\  Na^^V*  «^^ 
^™|"«ntrareIonIy:    and  la  narrow:   It,  et.l\r«^  ^VAtVv  oi  vx^^^^m^^^ 

"-•'/able  width  hut  19  ft.     The  dist  from  cen  lo  oetv  <»^iV*,l^T!lV\^^*,«MJtv^Vv%  »%»..^W 
efa  nbur.in«nt«  «00  ft ;  or  the  aame  as  the  ^\»«**^-  .™'^  *^^T<i%xo«*ift*\\TL«J«v«!l»«»4'W 
J^  *"»''«»«  of  1056  wires  of  No.  10.  or  TuW  H  ^'JifJ^^i^J^  ,iS\«^ 
'«  ias  or  solid  metal ;  weighing  1Q1  Ib»  or  .09  ot  •.  Vou,  v»^  ^^  » 
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Tertleal;  about  6  ft  >f»rt;  and  eaoh  npbolds  one  end  of  atranirerse  floor  girder.  Ithasnosid 
triuKing  exoept  the  slight  one  of  the  wooden  hand-railing,  which  la  about  6  foet  high ;  and  cmim 

qnently ,  with  its  great  span  it  !■  quite  flexible.    The  defleotion  of  tlM  cables  is  J^^  of  the  span ;  bene 

the  strain  upon  them  at  the  top  of  the  towers  at  either  end.  is  1.83  times  (see  table,  Art  1,)  tlie  wt  o 
the  BUiipended  span  itself,  and  its  extraneous  load ;  and  supposing  the  wire  to  be  as  good  as  that  o 
the  Niagara,  the  breaking  strain  of  the  four  cables  would  be  60  X  44  —  2640  tons ;  and  their  sal 
■train  cannot  be  taken  at  more  than  H  as  much,  or  880  tons.    The  suspended  weight  reqd  to  produc 

ftbO 
this  safe  strain  would  of  course  be  r—-  =  484  tons.    The  suspended  weight  of  the  span  Itself  oanno 

l.a2 

well  be  less  than  .S  of  a  ton  per  ft  run  :  or  240  tons  in  all ;  •  thus,  leaving  484  —  240  r:  244  tons  fa 
the  maximum  Hafe  extraneous  load.  This  amounts  to  .305  of  a  ton  per  ft  run  of  span  ;  or  36  lbs  pe 
so  ft  of  its  platform,  Itf  ft  wide  in  the  clear.  The  French  allowance  is  ^ribs  per  sq  ft :  t  and-  since  n 
auowance  is  here  made  for  momentum  or  wind,  it  is  plain  that  this  celebrated  bridge,  on  account  o 
Its  slight  cables,  and  its  flcxibilitj,  is  by  no  means  a-atrong  one.  In  that  respect,  aB  well  as  steadl 
ness,  ft  is  much  iuferior  to  the  one  next  spoken  of.  It  Ih  naid.  however,  to  have  wiihRtood  very  sever 
trmpeKts;  and  also  to  have  been  occasionally  completely  covered  by  crowds  of  people.  If  so,  thei 
lives  were  not  very  secure. 

Art.  13.    The  wire  fmnpenfllon  bridgre  across  the  fikfhnjrlfcll 

at  Philada,  fintsbed  in  1842,  Ghas  Ellet,  Jr,  engineer,  is  somewhat  similar  in  character,  and  in  th 
dimennions  of  its  details,  to  the  preceding;  hut  being  of  much  less  span,  is  much  stronger.    Its  spai 
from  cen  to  een  of  towers  is  858  ft;  suspended  platform  between  abuts  S42  ft.    It  has  ten  cables  of 
Ins  diam ;  flv«  on  ench  side.    Their  united  sections  present  55  sq  ins  of  nolid  iron ;  or  nearly  as  muel 
m*  the  preceding  bridge  of  800  ft  clear  span.    The  flre  cables  on  either  side  have  diSercnt  defleetioni 

ranging  between  the  -^-^  and  the  -J*^  at  the  span  from  tower  to  tower.    The  dist  from  cen  to  cen  a 

towers  at  either  end  of  the  span  is  35H  ft;  and  on  top  of  each  tower  the  cables  (considerably  flattene 
at  that  point)  lie  side  by  Ride  on  a  single  roller  about  80  ins  long,  and  6  inn  smallext  diam,  which  has 
grooves,  for  their  reception.  Raeh  cable  in  drawn -In  about  8Vi  ft  at  the  center  of  the  span.  At  in 
tervals  of  20  ins  the  parallel  wires  of  the  cable  have  a  dose  wrapping  of  finer  wire  for  a  distance  o 
8  ins. 

The  suspenders  are  of  wire ;  and  are  fi  inch  diam ;  and  4  ft  apart.  On  any  one  cable  they  are  3 
n  apart.    Th<-y  nil  incline  Bligbtly  inward. 

The  width  of  the  platform  from  out  to  out  Is  27  ft;  and  in  dear  of  hand-rnilt  25  ft.  Inside  of  tb 
hand-rail  is  a  footway,  4  ft  4  ins  wide,  on  each  side  of  the  bridge.  The  remaining  16  ft  4  ins  serve 
for  a  double  carriage'way,  or  double-traok  street  railway.  Figs  5  show  the  arrangement  of  the  wood 
work,  on  a  pcale  of  H 
Inch  to  a  ft.  The  trussing 
of  the  parapets  is  on  the 
Howe  system.Cnee  p  283.) 
which  docH  notnppearto 
lie  as  well  adapted  as  the 
Pratt,  to  suK]»cnsion 
bridges.  The  diagonals 
in  the  Fairmount  bridge 
work  themselves  out  of 
place  laterally,  by  the 
vibrations  of  the  bridge ; 
and  we  have  occasional- 
ly seen  several  of  them 
almoRt  on  the  point  of 
falling  out  entirely. 
Being  under  municipal 
charge, it  is  of  course 
neglected.  The  upper 
chords    «,    arc     12   ins 

wide  by  6  Ins  deep;  the  lower  ones  {,  and  the  stringer  e,  below  them,  are  each  12  wide,  by  7  dee| 
The  diagonuld  {  arc  all  4  ins  wide,  by  5  deep.  The  uugle-lilocka  at  their  ends  are  of  ra-st  iron,  hollon 
and  about  Is  inch  thick.  The  vert  iron  rods  v,  (in  pairs,)  are  }i  inch  diam  near  the  center  of  th 
■pan ;  and  1 M  at  itH  ends.  The  top  chords  arc  upliced  on  each  vert  face  by  an  ir-  n  bar.  of  5  ft  by 
ins,  by  ^  inch  i  with  4  bolts  pasting  through  them.  The  splice  of  the  bottom  chord  bas  merely 
bolts,  side  by  side ;  (see  Figs  5 :)  which  (except  S)  are  to  a  scale  of  ^  inch  to  a  ft.  The  floor  girders  ^ 
4  ft  apart  from  cen  to  cen,  are  6  by  14  ins  at  their  ends ;  and  6  by  16  at  center. 

The  floor  is  of  two  thicknesses  of  2-inch  plank;  except  the  fcMitpathfi,  which  are  single  thickness. 

The  wires  were  well  oiled  when  the  cables  were  made ;  and  afterward  painted. 

At  8  is  shown  the  mode  of  uniting  a  suspender  with  a  cable,  o.  by  means  of  a  umall  cavt-iron  yok 
g.  which  straddles  the  cable ;  and  on  the  back  of  which  is  a  groove  fi  of  an  inrh  wide,  in  which  th 
Busnender  reRt«.  The  metal  of  the  yoke  is  about  ^  inch  thick.  Since  the  lower  ends  of  the  wire 
which  compose  a  suspender  cannot  themselves  be  formed  into  a  screw-bolt,  for  upholding  the  floe 
girders,  they  are  passed  through  the  eye  of  a  sorew.bolt  of  bar  iron ;  then  doubled  on  themselves,  an 
held  bv  a  wrapping  of  wire.  It  is  well  to  intrnduoe  a  yoke  here  also,  to  prevent  the  wear  of  the  wirt 
by  friction.     The  small  fig  on  the  right  of  S  is  an  edge  view  of  the  yoke  g. 


SIDE. 


•  This  is  probably  nearly  Its  aetnal  weight,  m  obtained  by  com\»aT\n%\X.w\>\i>X\«"^^\Tvwws«iX>s<fv^j 

which.  l)y  a  careful  entimate  by  the  writer,  weighs  .JUS  ot  a  \.oti  wt  tXTxiTi  -,  \nw\,\-<  w^^^■^\^wi^5^.^  ■* 

t/iaa  the  Frerbarn:  and  oarriea  fbur  lines  of  light  »tT«et  raWa.    Yk\i\.  VI  VVv*  ^t«nV>\^^V^^«^V^^ 

j0lMtB.  It  win  weigh  about  .08  ton  more  per  T\.  run.  j.  ^,  .««,T«vfc-  i 

tTbegrMtent  loud  tAat  can  oome  npon  an  ordlnarr  bt\ai|6,\»  «.  A*tk%ft  ^T"w^^  «^v^ 

the  French  ^aglni-em  e«tJmata  at  41  Iba  per  aq  ft  oT  pAaltorm.    t\\\%  \%  «*I^^''^*e!:^  V  t«w^^ 
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SUSPENSION  BRIDGES. 


L                .          1/  the  entire  velglit  ot  the 

^ ^. a ^. at        loaded  Bpmn. 

•                                     j            Ji^^         i  I"  Fig  i  alM,  the  vgiM 

S    ^^^  ^\        I  are   unequal;    and,  flout- 

^Jc^^y      ^^\     1  qaeatlj,  the  pre*  ao  ii  not 

^^,,-^'^/''         ^^^\  I  vert;  bat,  in  tbU  iDstuee, 

_^— — -""'^       ,K             ^^^^  \  I  IT*       /I                  It*  amount  li  greattr  thu 

C                      Xx\         ^Hl^    \St  flQ'^r                in  Fig  3.    InalltbeMcue*. 

J  ,.•'          \      ^^^^<^  *                       If  the  rollen   opoa  vbiA 

V'                 \    ^^^^^K     \  tbe  chains  slide,  were  inp- 

\^^^^^^^     \  ported  by  single  thin  posM 

a^HH^^k       \  or  pillars,  instead  of  ptcn, 

_^        j  ^^^^^^^^^(1    \lk  then  a  o  would  show  the  prch 

■ilWlW^umwmtmkWW^^U^^^^^^^^WWwXiWilWWiJW"  Efi.'lS^hit'thepnwIbJEi 

pans  predselj  along  xMt 
axes.  If  we  suppose  symmetrical  piers,  a  <  d,  to  be  used  in  eaoh  case,  the  base  t  d  of  that  in  Fig  i, 
may  be  much  narrower  than  iu  the  two  other  flgd ;  because  the  direction  of  ao  being  vert,  tbe  pits 
had  no  tendency  to  overturn  the  pier,  lu  Pig  2,  tbe  masonnr  of  the  pier  should  be  laid  in  the  unsl 
bor  courses,  in  order  that  its  bed-joints  may  be  at  right  angJes  to  the  pres  upon  them. 

But,  in  Figd  S  and  4,  if  the  bases  were  made  as  narrow  as  in  Fig  2,  the  lines  of  direetioa  •••  d 

.  the^res,  would  fall.outside  of  them;  and  the  piers  would-oonsequeully  lie  in  danger  of  OTertaming. 

Also,  the  stones  of  the  masonry,  if  laid  iu  hor  courses,  would  hare  a  considerable  tendency  to  ilUi 

on  each  other.    To  prevent  this,  the  beds  should  be  at  rigbt  angles  to  ao.    Such  points,  howerer, 

will  be  fouad  to  be  more  fully  explained  under  Force  in  Rigid  Bodies. 

In  Fig  3,  the  obliquity  of  the  pres  ao  would  tend  to  slide  the  base  of  the  pier  outward,  as  ibeva 
by  the  arrow;  but  in  Fig  4,  inward.  This  tendency  is  produced  by  the  Aor  component  of  tbe  feres 
a  0.  The  amount  of  this  may  be  found  thus,  in  either  flg :  From  a  downward  draw  a  vert  line ;  uA 
from  o,  a  bur  one,  meeting  it  in  e.  Then  o  e.  measured  by  the  same  scale  of  tons  as  before,  will  |in 
this  hor  force :  and  a  s  will  give  the  vert  component  of  the  pres  ao.  The  effect  upon  the  pier  of  Ike 
one  pres  ao,  is  precisely  the  same  as  would  be  produced  upon  it  by  one  vert  force  equal  to  as,  suds 
bor  one  equal  to  o  «,  acting  at  tbe  same  time  ;  as  explained  under  Comp  and  Res  of  Forces. 

If,  iu  either  flg,  we  draw  the  vert  lines  xh  and  s  A:,  then  a k,  measured  by  the  foregoing  seak,  win 
give  the  torn*  of  Aor  pull :  and  fts,  the  vert  pres  produced  on  the  pier  by  the  backstay  ;  and  A  a  Bid 
hx  will  in  like  manner  give  the  corresponding  forces  produced  by  the  main  chain.  If  we  nddtogeiker 
k  B  and  h  x,  they  will  be  found  to  be  equal  to  a  e ;  and  if  we  subtract  a  k  from  a  k,  their  diff  will  eqssl 
OS.  It  is  this  diff  only  that  tends  to  slide,  or  to  upset  the  pier;  the  other  portions  of  ah  ami  ati 
neutralizing  each  other  in  that  respect. 

The  foregoing  strains  may  all  be  calculaUd  thus: 

The  horpuU  inward  by  the  main  chain  =  Tension  X  Jfmt  Cbsine  o/  mat. 

•'    <•      •<    outward  by  the  backstay  .  =  TensioM  X  XcU  Cosine  o/  n  aa. 

Vert  pres  by  main  chain =  Tension  X  Nat  Sine  of  m  Sit. 

"      "     "backstay =  2Vn«to»  X  J^a(  .SKne  o/ n  a  s. 

The  towera,  piers,  or  pillars,  wbleli  apliold  tbe  ctaalHS  or 
cables,  admit  of  an  en«lless  variety  in  aesigrn.    According  to  ri^ 

eumstances,  they  may  consl.'<t  each  of  a  single  vertical  piece  of  timber,  or  a  pillar  of  cast  or  wronf^t 
iron;  or  of  two  or  more  such,  placed  obliquely,  either  with  or  without  connecting  pieces;  like  the 
bents  of  a  trestle,  as  iu  auy  of  the  flgi  un  page  307.  Or  they  may  be  made  (with  any  degree  of  or- 
namentation) of  cast-iron  plates;  an  in  iron  house-fronts.  Or  they  may  l>e  of  masonry,  briok,  or 
concrete ;  or  of  any  of  these  combined. 

Each  of  the  snspendinfp-rfNls,  through  wliich  the  floor  of  the  bridge  is 

upheld  by  tbe  main  chains,  requires  merely  strength  sufficient  to  support  safely  the  greatest  losd 
that  can  come  upon  the  interval  between  it  and  half-way  to  the  nearest  rod  on  eaoh  side  of  it;  la- 
eluding  the  wt  of  the  platform,  dtc,  along  the  same  interval. 

In  anchorinar  the  backstays  into  the  frronnd,  it  is  necessary  to 

secure  for  them  a  sutficiebtly  safe  resistance  against  a  pull  equal  to  the  strain,  as,  U|)on  the baokscsj'> 
This  safety  should  be  as  great  as  that  of  the  main  chains  against  that  same  amount  of  tension. 

As  to  the  anchoraipe  of  the  cables  below  the  surfa'^e  of  the  ground, 

natural  ruck  of  tirm  character  is  the  must  favorable  material  that  can  present  itself.  When  it  Is  nol 
present,  serious  expense  in  masonry  must  be  incurred  in  large  spans,  in  order  to  secure  tbeaeoesiaiY 
weight  to  resist  the  pull  of  the  cables.  Our  Figs  iH  give  ideas  of  the  modes  most  frequently  adopted. 
For  a  very  small  briilge,  such  as  a  short  foot- bridge,  for  instance,  the  baoltstays  may  simply  be  so- 
chored  to  large  stones,  t.  Fig  A,  buried  to  a  sufficient  depth.  Or,  if  the  pull  is  too  great  for  so  simple 
a  precaution,  the  block  of  masonry,  mm,  may  be  added,  enclosing  the  backstay.  A  close  ooveriag 
of  the  mortar  or  cement  of  the  masonry  has  a  protecting  effect  upon  tbe  iron. 

To  avoid  the  necessity  for  extending  the  backstays  to  so  great  a  dist  under  ground,  they  are  asnailr 

curved  near  where  they  descend  below  the  surface,  as  shown  at  B,  D,  and  E ;  so  as  R«>oner  to  reseh 

the  reqd  depth.    This  curving,  however,  gives  rise  to  a  new  atrain.  in  the  direction  shown  by  tbe 

arrows  in  Figs  R  and  1).    The  nature  of  this  strain,  and  the  mode  of  finding  its  amount,  (knowing 

the  pall  on  tlio  backstay,)  are  very  simple;  and  fully  explained  under  the  head  of  Funicular Xs* 

chlae,  page  4G3.    The  masonry  must  be  AVsposedwUh  reference  to  resisting  this  strain,  as  well  u 

thut  of  tbe  direct  pull  of  the  bac^stav.    "WUXv  \.\\\ft  nK^'w ,  \."^ft\»\otiML  «»T  atone  on  which  the  bend  rests 

should  be  laid  in  the  position  shown'Vn  ¥\g  I> ;  ox  \»?  \\va  «\Tvv;\«k\»\wi>i\\i"«\%^.   ^AxmVV.'mm  the  bend 

is  made  over  a  cast-iron  chair  or  standAtA,  an  ali,¥\%"C,^Tm\i  V«v\n«^\»vX»-b»^ 


.      TThen  chains  of  iron  ^ara  are  uaeA  V^^^^^^^-Tj^l*^^^^ 
mce  l,.ar  irnn  has  but  abo»it  half  \Xm  teu»V\»  »«»**»' *»^  ^ 
~a  ffreat  aa  that  of  a  o&ble. 


bridge  wonld  Ibcrefinre  snfely  anataln  n  greater  loud  per . 
rnii  of  Kpitii,  than  the  Fr«ybi>FK. 

Art.  17.    Ai  ft  (B'ionietlqiniiainTmleBttolbnoamiigli  Idt*  nt  the  aim 
aiHiaHj,   For  sp>nB  of  lOO  n»r  mare. 
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FRICTION. 


roughness  maj  not  be  risible  to  the  naked  eye,  It  becomes  very  apparent  under  a  powerful  nicroaoopt. 
Could  it  Ik5  viiiirely  reiuuved,  there  would  be  uo  fnctiun ;  aud  tben  the  ahialleat  cwuoeivable  furoe 
would  slidu  liur  tue  greuteiti  couueivablu  weiglit;  Dorcuuld  the  most  powerful  viae  prevent  the  Ughteat 
body  from  falliug  oui  of  iu  jaws. 

80  loug  as  lUe  turue  wuiuh  presses  any  given  sliding  surfaces  together,  is  oousiderably  less  than  would 
be  necessary  to  abrade,  ur  wear  them  away  appreuiably,  the  degnse  of  friotiuu  (and  of  the  foree  reqd 
to  overcome  it)  bears  a  certain  proportion,  01  ratio,  to  the  pr«lililll||;  fOJTCe;  and  ii  tntirelf 
ind^endent  0/  the  feiixe  of  the  ttUrfaceM  tbeiUSelveS.  A  brick  will  slide  iv»t  u 
readily  wb<!D  lyiug  on  its  broad  side,  as  when  ou  a  uarruw  oue.  This  proportion,  however,  U  diff  (ur 
diff  materials;  aud  fur  diff  degrees  of  smootbuess;  aud  moreover,  is  le«s  when  the  surfs  are  clean 
and  well  lubricated,  than  when  dirty  aud  dry.  Whatever  this  proportion  may  be  in  any  partieolar 
case,  it  is  oalleii  the  co<yficient  qf  friction  fur  that  case.  Tbus.  if  we  wi«h  to  slide  hor  a  block  of  dry 
out  stone  wuighing  1  ton,  upon  a  surf  of  the  same  kiud,  we  shall  have  to  exert  a  force  of  about  % 
of  a  ton  ;  or  if  we  tirst  place  a  weight  of  2  tons  upon  the  muviug  stone,  making  the  t4»tal  pres  npua 
its  base  H  tons,  we  must  exert  a  sliding  foroe  of  ^  of  3  tons.  Because  the  frio  of  dry  out  stone  upon 
dry  out  stoue  averages  about  %  of  the  force  which  presses  the  two  surfs  together;  or  in  other  words, 
(he  ooeff  of  fric  of  dry  cut  stouo  on  dry  cut  stoue,  is  about  ^.  or  .66. 

But  if  the  pres  upon  the  slidiug  surfs  is  sufficiuai  to  pruJuoe  abrasion  (indeed,  while  it  is  much 
less,)  the  fric  becomes  greater:  but  no  precise  law  has  yet  been  discovered  for  estimating  it.  Tlit 
fric  between  surfi  actually  in  motion,  is  less  than  when  tbey  have  been  for  some  time  quiescent  or 
stationary.  Uence  it  is  usual  to  cousider  it  uuder  the  heads  of  moving/,  and  ^uiescenf  Trie.  Expe- 
rience, however,  has  shown  that  slight  jarring  suffices  to  remove  this  diff;  aud  since  all  strnotares, 
even  the  heavicdt,  are  subject  to  occasional  jarriug,  (as  a  bridge,  or  a  neighboring  building,  or  erea 
a  hill,  during  the  pai^sago  of  a  train ;  or  a  large  factory,  by  the  motion  of  its  machinery  ;  or  in  nun' 
berless  cases,  by  the  action  of  the  wind.)  it  is  considered  expedient,  in  construction,  not  to  rely  on 
fric  for  stability,  any  further  than  the  cocff  for  moving  friction  may  justify. 

Beside  the  foregoing  suhdivisious  of  $liding  fric,  we  have  rolling,  and  Journal  fric.  At  present  W 
■ball  oontine  ourselves  to  sliding. 

The  coeff  of  inovinfp  fric  i»  the  same  at  all  "wels  :  and  this,  ia 

oonueotion  with  the  foregoing  statements  that  it  is  in  proportion  to  the  pres,  ro  long  as  this  is  eon- 
siderably  below  the  abrading  point;  aud  that  it  is  ludopettdcui  of  the  amoiiut  of  surf ;  are  ooosidend 
the  three  grand  laws  of  Trie.  Uu''prtuu:ttuly.  the  experiments  on  this  subject  by  Moriu.  which  tre 
those  by  which  practical  men  are  chiefly  guided ;  were  made  with  slight  pressures ;  not  ezceediDg 
about  30  lbs  per  sq  inch  of  contact-area  of  the  bodies,  even  with  the  strongest  ttodies.  such  as  iroB, 
Ao:  which,  in  machinery  very  often  have  to  move  under  far  greater  pres.  It  is  well  known  that  frio, 
under  much  heavier  pres,  increases  very  considerably  beyond  the  extent  assigned  by  Morin ;  as  will 
be  seen  by  our  table  of  results  found  by  Ronnie  ;  Art  3.  Locomotive.^  would  frequently  Iw  uoableto 
draw  the  loads  they  do.  if  their  fric  (miscalled  adAesion)  on  the  rails  did  not  greatly  exceed  tlie 
limits  of  iron  on  iron  assigned  by  Morin.  The  fact  is,  that  although  it  is  customary  to' consider  our 
knowledge  of  the  laws  of  frio  to  be  very  complete,  it  in  extremely  defective.  The  c^mn>on  assertion 
that  '*/ric  is  the  same  at  all  vets,"  may  lead  to  mistakes,  unless  we  clearly  distinguish  between  tlie 
coeff,  and  the  amoHtit.  If  one  man  drags  a  sled  oue  mile  in  one  hour  ;  and  another  man  drags  it  one 
mile  in  }4  of  an  hour;  then,  inasmuch  as  both  the  cootT,  and  the  dist.  arc  the  same  in  both  eases: 
each  man  has  owrcoinc  the  same  amount  of  fric.  lint  if  one  drags  it  4  miles,  in  the  same  time  that 
the  other  drags  it  1  mile,  then,  although  the  coeff,  aud  the  time,  remain  unchanged,  the  amount  of 
fric  is  4  times  as  great  in  the  first  case  as  in  the  last;  and  has  reqd  the  man  to  expend  4  times  as 
much  force  to  overcome  it  alone;  without  any  regard  to  the  force  expended  in  moving  himself  ra 
rapidly.  In  other  words,  the  quantity,  or  amount  of  fric:  and  the  total  amount  of  power  reqd  to 
overcome  it,  is  iu  proportion  to  the  epace  passed  over;  without  any  reference  to  the  time  reqd.  So 
a  train  moving  at  60  miles  per  hour,  overcomes  just  as  great  au  amount  of  fric  in  1  mile,  as  does  a 
train  moving  at  10  miles  per  hour;  but  the  fast  one  overcomes  6  times  as  much  per  hour,  mio, or 
sec.  as  the  >iIow  one.  So  with  pivots,  journals,  &c.  in  machinery;  the  more  rapidlv  they  revolve,  tbe 
greater  is  ihc^amortnC  of  friction  they  must  overcome  in  a  given  time;  although  the  degree,  or  co^t 
or  intensity  oP  the  fric  remains  the  same  at  all  vels. 

Art.  2.  To  flnfi  the  proportion,  or  ratio,  of  fric.  to  the  pres 
which  pro«iiicoM  it.  (or  the  coeff  of  fric.)  ford  iff  materials.  This 

may  be  ascertained  by  making  of  one  of  them  an  inclined  plane:  nnd  finding  by  trial,  what  slope  it 
must  have,  to  enable  the  other  just  to  begin  to  slide  down  it.  Div  the  vert  height  of  this  slope,  by 
its  hor  base;  and  the  quot  will  be  the  reqd  coeff.  It  will  also  be  the  nat  tang  of  the  angle  whieli  the 
slope  makes  with  the  hor;  so  that  hv  looking  for  the  coeff  in  a  table  of  nat  tang,  the  angle  itself  will 
be  found  oppo<<ite  to  it.  If  the  weight  of  the  sliding  bmly  be  mult  bv  (he  coeff,  the  quot  will  be  the 
force  reqd  to  drag  it  horizonfally  along  such  a  surf  as  that  of  the  inclined  plane:  or  more  correctly, 
the  force  required  to  barely  balance  the  fric  ;  still  more  force  must  be  added  to  produce  motion.    The 

angle  of  slope  is  usually  called  the  anirle  of  fk*i€*;  somotimes  theanfrle  of  re- 
pose ;  and  the  limiting  angrl®  of  resistance.  See  Force  in  Rigid  Bodies, 
Art  63,  p  486. 

Experiments  on  frio  with  ungnents  cannot  well  be  made  on  a  small  scale  bv  means  nf  an  inelloed 
plane ;  on  account  of  the  cohesion,  or  the  stickiness  of  the  unenent:  which  when  the  sliding  body  Is 
very  light,  requires  a  proportionally  greater  slope  thnn  when  it  is  heavy. 

In  trying  experiments  on  fric  for  himself,  the  student  must  not  expect  by  any  means  to  arrive  at 

the  amme  results  as  the  following;  because  the  sliehtest  deviation  In  point  of  hardness,  smonthness, 

drjrnesti.  dust,  Ac,  will  make  a  very  appreciable  diff  In  the  coeff.    Even  dampness  in  the  air  will  effect 

thin.     Where  fric  f  s  to  be  depended  upon  for  atabWWv . \l  \* \\«>«\.  \i(\  aRworoe  U  n-t  less  than  in  the  tables : 

aad  when  it  is  to  he  regarded  as  a  reslstancft,  wY\\c\\  w«  tovi*i  v^o^^^*  ^'^^'^  ^'^  w«lWTO^xvl^A^. should 

be  ukva  at  consiJerablj  more  than  the  tabular  aiaiematit.    '^\l«u\io^.«^.^«i«•«^»  %\a.\n\A^«^^^^v» 

pmrMUei  to  tbe  motion. 


FBICTIOK. 


599 


Tabic  of  inoTlngr  fMctlon,  of  perfeetljr  Binooth,  dean,  and 
dry,  plane  surfaces,  chiefly  from  Morin. 


HaterlalB  Experimented  yrlth. 


Coeffof 
Prio:  or 
Propor- 
tion of 
Pric  to  the 
Pres. 


Oak  on  oak  ;  all  the  fibers  parallel  to  the  motion 

*'  "      ntoving  fibrtis  at  right  angles  to  the  others ;  and  to  the  motion. . . 

'•  *'       all  the  fibres  at  right  angles  to  the  motion 

••  "       moving  fibres  on  end :  resting  fibres  parallel  to  the  motion 

"         east  iron,  fibres  at  right  angles  to  motion 

Elm  on  oak,  fibres  all  parallel  to  motion 

Oukonelm,       "  "  "        

Elm  on  oak,  moving  fibres  at  right  angles  to  the  others,  and  to  motion 

Ash  on  oak,  fibres  all  parallel  to  motion 

Fironoak,        •'    "  "  "       

Beeohouoak    ••    "  '•  "        

Wrought  iron  on  oak,  fibres  parallel  to  motion 

Wrought  iron  on  elm,      '•  '•       •'      "       ". 

Wrought  iron  on  cast  iron,  fibres  parallel  to  motion 

<*         "    on  wrought  iron,  fibres  all  parallel  to  motion 

Wrought  iron  on  brass 

Wrought  iron  ou  soft  limestone,  well  dressed 

••  ♦•      "   hard        "  "        "        

"         "     "     "  "  "        "        wet 

«<         «     or  steel  on  hard  marble,  sawed.    By  the  writer about.. 

*'  "      "    "      "  smoothl;  planed,  and  rubbed  mahoganj,  fibres  par- 

allel  to  motion 

'<  "      "    "      "  smoothly  planed  wh  pine 

Cast  iron  on  oak,  fibres  parallel  to  motion 

•»      ••     ••  elm,      "  "       **        "     

•<      "     «  cast  iron 

4t      «•     ••  brass 

Steel  on  cast  iron 

Steel  on  steel.    By  the  writer 

Steel  on  brass 

Steel  on  polished  glass.    By  the  writer about.. 

••    quite  smooth,  but  not  polished;  on  perfectly  dry  planed  wh  pine,  fibres 

parallel  to  motion about. . 

*'    quite  smooth,  but  not  polished ;  on  perfectly  dry  planed  and  smoothed 

mahogany,  fibres  parallel  to  motion about.. 

Tellow  copper  on  cast  iron. 

'•  "       onoak 

Brass  on  east  iron 

"      on  wrought  iron,  fibres  parallel  to  motion 

* '     on  brass 

"     on  perfectly  dry  planed  wh  pine,  fibres  parallel  to  motion nbout. . 

•'      "         "         "         "      and  smoothed  mahogany,  fibres  parallel  to  mo- 
tion   about. . 

Polished  marble  on  polished  marble.    By  the  writer 

•<  "       ou  common  brick 

Common  brick  on  common  brick 

8of  t  limestone  well  dresspd,  on  the  snme 

Common  brick,  on  well-dressed  soft  limestone 

<•  '«       '«'    «»        "        hard        "        

Oak  across  the  grain,  on  soft  limestone,  well  dressed 

•'         "        "      "       "  hard        '*           "          " 
Hard  limestone  on  hard  limestone,  both  "         "      

ft  <•  4<    (loft  •'  l<  II  It 

Soft      "       "  hsrd       "       ••    "      "    !!!!!!!!!!!!!!!!!!!!!!*.!!! 

Wood  on  metal,  generally,  .2  to  .62 mean . . 

Wood,  ver^  smoofA,  on  the  oame,  generally,  .25  to  .5  "    .. 

Wood,     "         "         on  metal,  "  .2    to  .62 •'     .. 

Metal  on  metal,  very  smooth,  dry       "         .15  to  .22 "    .. 

Masonry  and  brickwork,  dry  "         .6   to  .7  "    .. 

"         **  '*  with  wet  mortar about.. 

"        *'  "  •'     slightly  damp  mortar "    .. 

"      ondrr  clay .' "    .. 

"      "  moist'*    •'     .. 

Marble,  sawed ;  on  the  same ;  both  dry.    By  the  writer "     .. 

••  "         "    "       "       bnthdarap "    "     .. 

"  •'       on  pcrfeetly  dry  planed  wh  pine.    " '*     . 

"  "       oo  damp  piaopd  wb  pine "     

"    po//«Aed,  on  oerfectiy  dry  planed  wh  pine    "     

Tbite  plae,  perneotlj  dry ;  planed :  OD  the  natue ;    nW  lYie  ttV>T«»  ^»t«.\\«\  v«\ 

motion ».\>o>sx. 

damp,  pinned ;  on  the  same ....  .'.*.*..*.  V.V.'.*.* 
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8  32 
6  17 
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10  46 
81  48 

12  25 
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11  19 
10  46 

13  SO 
9   6 

23  45 

32  38 
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SI  00 
20  48 
20  48 
20  48 

33  50 
S3  2 
22  18 

20  48 
22  18 

10  12 
33  2 
25  80 
36  30 
27  00 
18  15 

21  49 


Art.  i.     Pivot  rrlcllon.    To  And  Ihn  mmonnt  of 


t4  thn  mmoimt  of  mwt  eofiiBBBdlf  I* 


ii;-ii.li'iiif™i    'mli'^'lti'il^fi.'irmSt^'a'im^tirt^""^'"^ 


When  the  prea  an  n  pivst  does  nst  exneed 


ition,  U  B-iJI^TI 


An.  B.  Th«  fplcflon  «f  Ibe  JourwilB  of  axl«s, 
Iruunlona,  in  llieir  bgua  ur  bCHrluga,  Jd  a iiievlut  o(  sUdlnKn.. ...     


To  and  the 


of  power  conanmeA  by  Ihc  trte  of  Jonr 


TBble  of  Jon 

pnnl. 

or  nxle  friction. 

? 

J 

t 

-isr 

?^l 

il 

'^'uh'i.ic:;^Ad:tA^^^t 
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1 

1 

l=il  - 

?i 

n  - 

Jl^VrS^u-S?  """^  *"  "^°'  """ 
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Art.  e.   rrlcdon  mlleni.   irnjnnn 


Art.  7.    BoUlii«rrlcll»iuiiillian.hkh  ukMirtacuKborBtUeciIrmB* 

t'lrtM  DTb  bonD  l«  appllild  u  Uu  ull  bf  ■  vbool  Jll  «  WHDD  T  HcnrnMli.  KKLfaattrai 
ICHWA  mn  Hia  rrlB»  bar*  ten  toa  iDwiBplHfl  tB  Hrvir  u  m  baril  ror  pnntlaal  rnlif*^ 

Art^  8.    KoIIIbk.  itndHXl«  rrlctl«a  combined;  lu  lu  ndlmli 

Ah^7ii1UnDEaltd«,artdlTdairAADlDaHd*dplAbi,  uuLeHUHBUDBbwiaiHp  Lli>r  ibariMh^ 
dFf^TliiaBai«Lf  btavnAimBtMaadldRamllEdgrriafvlidumBBj  bejnr  lbs  bndj,  ti 

IH  bar  LrDBth  sr  buv.    T^rvlbnt  If  t^  ^ie^^t  or  tha  plftds  bu  to  In  4.  t^,  f-J  g,  <0p  i 
un  Iter  Id!  Is-  TIIHr]lfflflHwlD|(a«  VBrjtdXouidlllad  sif  UierftllAuuj>diaalliiieH.dui,ufl 


^-i-rSfprMKirAiivWii 


SS^wItaSlf.*''.';     V.I     -I         I     U'ltm;V''f  P^ul^Ml^^'itaS!"***"'^" 
I>l|.d..tl.U>c~.<IMn<c^d..i-3nobiii(e<l«U<nl<|bdiUi.qH»nUtrV>f>B 

•fdun [a>P[>mli-bli Ki  !."■  •kMi;!  ;..i  •  •ttinii  Irr^nliriiln 'lit  Ibn  nil.:  Mi  inlMW 
gmiaillif  Uiicin>i».tlt.i  l<w  itli  l.  .Idiet  tbi  IrUI.  b.    TUh,  koinfr,  Iganriba" 


TBACTIOH. 


TEAOTION. 


MtlOB  on 


FnBdR,nnd  c»nalst  or  the  power  rcqdtodrtw 


Tbe  IniPliv*  power  of  m  hon 


ilnlHhtiawi  hlH  npe'id  In- 

Am  It  iboljt,  on  <  Itttl.  ••0  lOull) 


Ulfc  ■  4*  •«  v™  III  W>U1  Boitoi J  kt  MB  ram  «  fir«  tQMj  to  ™  »■  ff MM,  wy  W*  »•  fc 
Sl?^H«td^MlUiri'!'ota«ntoUii«BIWMtlDB.    TiK  MkJMtw  .tow.  IhM  m  » tn 
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TRACTION. 


wbieh  tn  aVtout  10  times  that  on  a  level  railrMul  at  8  mllM  an  hoar ;  but  only  aboot  equal  to  that  an  a 
level  couiniou  tutiipilie  ruail,  at  the  iwuiu  bptsed.  Tlierafure, (to  vpvak  aumewiiai  at  rauooui.)  it  vouU 
rcuuire  10  l.>coiuoii  ves  instead  of  1 ;  but  uuly  i  tiurMs  iumead  uf  I.  A  grade  of  I  iu  »& ;  or  150  ft  to  a 
mile;  nr  l'-'  lih'.  is  about  the  smeiieiit  that  perinitd  liorae*  to  be  driven  down  a  hard  auiuotb  ruad,  in  a 
rant  trot,  without  d:iiiger.  It  vbould,  therefore,  not  Ims  exceeded  ejcoepc  when  abaolutciy  necenwrj, 
•specially  on  turupikes. 

On  canals  and  other  w^aters,  the  liqaid  is  the  resiating  medium  that 

taices  the  place  of  friction  on  level  roadd.  But  unlike  rriction.  its  reHiatanoe  varies  as  the  squares  of 
the  velM ;  (sue  Art  '26  of  page  571.)  at  least  from  the  vel  of  'i  ft  per  seo,  or  l.SM  miles  |ier  hour;  to 
that  of  1 1  }4  ft  pur  sl-c,  or  7.bl  m  per  h.  As  the  speed  falls  beloir  1^  m  per  h,  the  resistance  varies  les« 
and  lesd  rapidly ;  and  this  is  the  case  whether  the  moved  body  tioats  partly  above  the  surface;  or  is 
entirely  immorM'd.  In  towing  along  stagnant  canals,  kc,  the  vel  is  usually  from  1  to  2>s  m  per  h; 
for  freight  innst  frequently  from  1 14  ^  '^-  ^"^  force  is  required  to  tow  a  boat  at  say  2  m  per  h,  vbcrt 
there  is  no  currcut,  than  at  say  1>4  m  per  h.  against  a  currcut  of  3i  m  per  h.  because  iu  the  laat  case 
the  boat  has  to  be  lifted  up  the  very  gradual  iuclined  plane  or  slope  which  produces  the  current. 
Therefore,  a  Rteamlmat  which  ha8  its  speed  Increased  nay  3  or  4  m  per  h  b j  a  descending  onrreati 
will  have  it  retarded  more  than  .H  or  4  m  per  h  when  returning  against  the  current. 

The  force  required  to  tow  a  l>out  along  a  canal  depends  greaUjf  upou  the  comparative  traosrem 
sectional  areas  of  the  chauucl,  and  of  the  immersed  portion  of  the  boat.  When  the  width  of  a  sbbsI 
at  water-line  is  at  least  4  times  that  of  the  boat ;  and  the  area  of  its  transverse  aection  asgraat  as  atksit 
6Hi  timet)  that  of  the  tfamersed  transverse  section  of  the  boat,  tho  towing  aV  usual  canal  vela  wiUbS 
almut  as  easy  as  in  wider  and  deeper  water.  With  less  dimensions,  it  becomee  more  dil&onlt.  (D'io- 
buisson.)  Much  also  depends  on  the  shape  of  the  bow  and  other  parts  of  the  boat ;  and  on  the  propor- 
tion of  its  length  to  its  breadth  and  depth.  Hence  it  is  seen  that  the  mere  weight  of  the  load  Is  bj  BS 
means  so  coutrolliug  an  clemeut  as  it  in  on  land.  The  whole  subject,  however,  is  too  intricate  to Im 
treated  of  here.  Moriu  states  that  nuval  constructors  estimate  the  resistance  to  sailing  and  stesm 
vessels  at  sea,  at  but  from  about  .5  to  .7  of  a  D)  for  every  sq  ft  of  immersed  transverse  section,  vhea 
the  vel  is  3  ft  per  sec,  or  2.046  miles  per  hour.    It  is  far  greater  on  eanals. 

On  the  Hchnylkill  Navisration  of  Pennsylvania,  of  mixed  cahal 

and  slackwater,  for  1U8  miles,  the  regular  lo.-id  for  3  horses  or  mules,  is  a  l>oat  of  ver^'  full  build;  andLO 
keel:  1U()  ft  long,  17>^  ft  beam ;  and  8  ft  depth  of  hold  ;  drawing  5>a  ft  when  loaded.*  Weightof  bast 
about  65  tons;  loail  175  tons  uf  coal,  (2210  lbs:)  total  weight  240  tons,  or  HO  tons  per  horse  or  bbqIc. 
On  the  down  trip  with  the  loaded  boats,  for  4  days,  the  animals  arc  at  work.  actunUy  totting,  (exeept 
at  the  looks.)  for  18  hours  out  of  the  24;  thus  exceeding  by  far  the  limits  of  time  usually  allowed  for 
coutinuona  effort. 

On  the  canal  sections,  (which  have  60  ft  water-line ;  and  6  ft  depth,)  the  speed  is  19^  miles  per  boors 
and  on  the  deep  wide  pools,  2  miles. 

On  the  up  trip  with  tho  empty  63-ton  boats,  the  average  speed  is  about  2}^  miles  per  hour.  The 
empty  boats  draw  16  to  18  ins  water;  and  frequently  keep  on  without  stopping  to  rest  day  OTBtglit 
through  the  entire  distance  of  lOS  miles.  The  animals  generally  have  2  or  8  days'  rest  at  each  end  of 
the  trip ;  but  nre  materially  deteriorated  at  the  end  of  the  Imating  season. 

If  our  preceding  assumption  of  143  lbs  traction  of  a  horse  at  1^4  miles  per  hour,  is  correct,  the 

i4;t  n>s 

traction  of  the  loaded  boats  on  the  canal  sections  is  •— -   —  =1.83  lbs  per  ton. 

80  tons  *^ 

The  intoillgcnt  engineer  and  superintendent  of  the  Rch  Nav,  James  F  Smith,  gives  astheresalti 
of  his  own  extensive  observation,  that  one  of  these  large  boats  loaded  (240  tons  iu  all)  may,  without 
distressing  the  animals,  be  drawn  along  the  canal  sections,  for  10  hours  per  day,  as  follows:  By  ods 
average  horse  or  mule,  at  the  rate  uf  1  mile:  by  two  animals,  at  1^  miles;  and  hy  three,  atM^  milrs 
per  hour.  Whon  four  animals  are  used  the  gain  of  time  is  very  trifling.  At  a  time  of  rivalrv  among 
the  boatmen,  one  of  them  used  8  horses  ;  but  with  thene  could  iKtt  exceed  24  miles  per  hour  in  tto 
canal  portions.  Two  or  more  horses  together  cannot  for  hours  pall  as  much  as  when  working  M>psr 
rately. 

If  our  preceding  short  table  of  the  traction  of  a  horse  at  diff  vels  for  10  hours  is  correct,  then  the 
traction  of  the  above  loaded  coal  boats  (240  tons)  on  the  cannl  sections  of  the  navi«ration.  isasfhltowi: 
The  last  column  shows  the  traction  iu  lbs  per  sq  ft  of  area  of  immersed  transverse  section  where  largest; 
viz,  al>out  U3  sq  ft. 

No.  of  Miles  per  Traction  in        Traction  in  lbs  per 

Horses.  Hour.  Lbs.  per  Ton.   Sq  Ft  of  immersed  se& 

1 1 IxJ- 1.04 2.63 

2 \H 53  y- 1.39 .3.50 

3 \H Ho- 1-78 4.50 

3  on  pools 2    f  J-J 1.56 3.95 

8 2H ?-Jo 3.33 8.42 

3up.trip 'l\i ^^^ 4.61 12.50 

On  the  Lachine  canal  in  Canada.  120  ft  wide  at  water-line;  80  ft  at  bottom;  depth  on  mitre  sillafl 
ft ;  G  horses  tow  loaded  schooners  with  ease. 

Refore  tho  cnlargemuut  of  tho  Krie  Canal^t  Its  dimensions  were  40  ft  water-line;  2K  ft  bottom: 

4  ft  depth  of  water.     The  iiverage  weight  of  the  boat*  was  about  :»0  tons.     With  75  tons  of  load.  orl» 

tons  total,  they  were  towed  by  2  horses,  at  the  rate  of  about  2  miles  per  hour ;  which  by  our  table  gives 

a  traction  of  nearly  2.4  lbs  per  ton.     The  boats  were  a»><»ut  W)  ft  long ;  1 1  ft  beam :  full  .H» ,  ft  draught 

loaded;  hence  the  traction  by  our  table  would  be  about  5.7  lbs  per  s(|  ftof  immersed  transverse  section. 

*  The  cost  of  these  boats  la  1872  averages  abouti  %iaKW\   ».xvv\  vtiAr  t^mlva  about  fLV)  per  annnm. 

They  la.st  from  9  to  12  years.    Before  tY\c  caua\  wa»  eTv\airRe<^,\»\il»'w%\^V«i%tft¥»a.x,«n.  \w(».,%n<l  oarr/* 
ing  Ik)  fon«  of  coal,  wore  used.     Length  "OTt;  bcamVA;  At«,U  %TOvXT,«i.t**\i\.\r«»v,  -«V<btk\MA»\.KV.\ 
cott  $700.     These  are  approximately  the  4\Tnca»\ou»  ot  xht  tc«\%\iV.\Mia.\A„«xi  «qx  «kT«LVtiwi  wtata. 

'f h  '2  horBQH    stneo\\  1  ^i  miles 

^Length  H(i:i  ml  lea;  con  Sl»«W)  per  raWe.    'T>^ee^^'«»^^^''^,'^!ri^^^j;i^"^2^,^^5ii:<S 

»  has  ranged  between  $23000  and  SWKKM  per  ukvVe. 


^^  ANIHA.L   POVWiiM 

■ctloD  on  It  level  strAl gilt  mllranil,  nt  iptedi  not  pici'dliiitnbonl 

AHIMAL  POWEE. 


nidiu  WiFfuti,>  nn  exert  ■  eonllniion*  pnll.  drspglit.  poweri 
ntctloB,  »r  loa  Iba. 


draft  «r  n  liorae  mai'  b«  Inrrenaed  In  About  the  anine  Bn»- 
titm  ■■  tfae  lime  In  anmnlBlieil ;  ••  iht  ■ae<^  -»rki°i  rc<,«  e  u  loknn 

ible  of  draft  of  a  boise,  at  3!^  mile*  prr  banr,  on  n  level. 
tion  M  illB  speed. 


'^^S"=i;£^E'"°Hf^^t"is'^^^^^ 

C-~l£5a™3H-SS"""-" 

M«ei>I  i-rfor 

^-JRPJ'.^^ 

nmicb  the  iTMler.    Thiw.lf  hl«flmiiBM»tlnA\«.»nVnm\*VlW^\ii«Ji^ 
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all  the  roro^ias  limiti  «f  hoart  and  speed,  maj  be  praotleally  Ukea  to  b«  mboat  UfOOOOO  It-ftapv 
day ;  or  TM)0  n-Jbt  per  miu  of  a  day  uf  10  hour*.  But  it  doua  out  foUow  that  Uw  bone  ean  alvavt 
In  practiui;  actiialiv  It/t  loatit  at  tliat  rate;  beoaaae  geuerally  a  part  of  hie  power  la  expeodadui 
overeoiuiuK  the  friction  uf  the  luachiimry  which  he  put*  in  motloa :  aod  moreover,  the  natare  of  the 
work  may  rciiuira  hiia  to  Hti*p  fn-queiitly ;  lo  that  iu  a  workhtg  dt^f  of  «  or  10  hour*,  Um  hone  mt^ 
nut  act  mil  ly  be  at  work  more  thnn  5,  ti,  or  7  hours.  , 

An  a  ruagh  approxiuaiiuu,  to  allow  for  the  waste  of  force  lu  overoomtog  the  frlcUon  of  lioi«tiD| 
maehinTr,  ao'l  the  wvight  of  the  holHiiug  chains,  buokets,  Ac,  we  may  any  that  the  IWefnl 

or  paying-  €laily  net  work  of  a  horfee,  in  taol»tln||r  by  a  eom- 

inon  Iffin,  l*  ab^mt  IUimWOUO  ft*»s.  That  is,  be  will  raise  aqalvalttut  to  lUUUOOOU  %»  n*tof 
water,  or  itre.  Ae.  i  font.  The  load  whieb  he  can  ralae  at  once,  iueladiug  obaiiM,  buoket.  aod  sa 
allowaaci*  f>ir  frictiun,  will  b«  ;ta  much  greater  than  hia  own  direct  furcv,  as  the  diara  of  the  bom 
walk  in  crc.iter  than  that  of  the  wlndiitg  drum;  and  it  wiu  jiove  that  muob  alower  than  he  doMi 
Hill  own  •lirrat  furee  will  vary  aocorliug  to  the  number  of  hours  per  day  that  he  nay  be  rvqoiradw 
werk,  ai  ia  cbe  fiiri>i(iiiog  table.  With  thCKO  data,  the  aise  of  the  buckets  ean  be  deoided  on;  aodW 
these  there  Rlioald  be  at  leant  two,  to  that  the  empty  one  at  the  bottom  may  be  Hlled  whilothafuIlsM 
at  top  is  being  emptied ;  w  an  to  sare  time.    The  same  when  the  work  is  done  by  niea. 

Art.  3.  A  praetined  laborer  hanllnfp  alonv  a  level  road,  bf 
a  rope  over  hiH  nhoulderti;  or  iu  a  circular  imtii,  piuhiiig  before  hiug 

hor  Irtver.  at  a  speed  of  rrum  1 '«'  to  3  miles  per  hour,  exerts  about  )4  »  part  as  much  foroe  as  a  hem; 
or  X  20i)(|<)tf  rt-n»s  per  day ;  or  .'{6469^  ft- lbs  per  mln  of  a  day  of  10  hours  of  actual  hauling  or  pnshiifi 
Rat  UiHirnrA  frequeutly  have  to  work  under  circumstances  ie:«s  advantageous  for  the  ezertloarf 
their  force  than  when  ha'iiiingor  pitMhInc  in  the  manner  Just  alluded  to ;  and  in  such  oases  they  eaanH 
do  ai  mu'ih  i»«r  day.    Tuui  in  turuiug  a  winch  or  crank  like  thai  of  a  grindstone,  or  of  a  oraoe,  Ihl 

eoatinual  bendia:;  of  the  holy,  and  motion  of  the  arms,  is  mere  htigalng.  Tbe  Sise  ef  ■ 
Wineh  nhonld  not  exeeod  18  lun,  or  thr>  rail  of  a  circle  of  .1  ft  diam;  andagakK 
It  a  lahiirer  can  exert  a  force  of  ahnut  16  lbs.  at  a  vel  of  24  ft  per  sec,  or  IM  ft  |>er  niin,  making  ray 
nearly  lA  turoii  per  min ;  for  8  hours  per  day.    To  these  H  hours  an  addition  munt  be  made  of  absit 

hi  part,  for  short  mats.     Or  if  a  working  day  is  taken  at  8.  or  10,  ike,  boara,  -jt  part  must  goocral^rM 

taken  from  it  for  aneh  rests.  On  the  foregoing  data  an  hour's  wvrk  of  6b  min  of  aetutl  kaMH 
would  be 

Ihl  ft  mim 

16  X  IJO  X  60  =  144000  ft-fta; 

er,  dedoctlag  \  part  for  rests.  115200  fl-Ibs  per  hour  of  <(me,  inelndtng  r«»t$.  In  practice,  bowpftr, 
a  farther  deduction  must  he  made  for  the  Trie  of  the  machine,  and  for  the  wtof  the  hoisting  ehalut 
and  in  ease  of  rai.<ing  water.  Ntone. ore,  ka,  from  piUi,  for  the  wtof  the  buckets  also.  Asarsilgh 
average  we  may  assnme  that  th«i««  will  leave  bnt  100  UOO  ftlbs  of  paying,  or  uaefdl  work  per  hoar; 

that  is.  that  a  man  at  a  winch  will  netnally  lift  equivalent  tt 
100000  IbH  of  water,  ore.  4ce,  1  foot  bivh  per  hoar*fi  tlnie,la* 

elndins:  reMtM.  ThU  in  equal  to  \WM%  rt-Ibx  per  mln  of  a  day  of  10  hours,  including  mtt. 
Therefore,  iu  a  day  of  10  working  hour:t  he  would  raise  1  OOiioOO  lbs  net.  1  foot  high  ;  Or  JoSt  JL 

Rart  of  what  a  horMe  wouhl  do  wltb  a  ffrin  in  the  same  time,  irehsft 
Tore  s«u;u  th.ii  iu  h:tulinK  sil'>u«  a  level  mad,  he  can  at  a  slow  pace  ixirforai  about  *«  of  the  daily 
duty  of  a  hiifHe.  Il-i  may  :iNo  work  the  winch  with  greater  force,  say  up  to  :V0  or  even  40  lb*:  bal 
he  will  do  it  at  a  iinportionati'ly  ■•lower  rate;  thus,  accomplinhi'ug  only  the  same  dailv  doty. 
With  a  icin,  like  thOMe  for  horMe.l,  but  lluhter.  with -2  or  more  hnekets.a  prw- 
ti.<e«l  lih.irer  will  in  a  workhiK  d»y  nf  10  hour*,  ralae  from  1  -JDOOOO  to  1  400000  ft  lb«  net  of  water,  ore. 
kc.  With  a  shallow  aell  or  pit.  more  time  is  lost  in  emptying  buckets  than  in  a  deep  one;  bnt  th« 
deep  one  will  re<(aire  a-Rn-ater  wtof  rope.  To  save  time  in  all  such  operations  on  a  large  scale,  thsrt 
should  be  at  lean  two  buckets;  the  empty  one  to  be  fliled  while  the- full  one  is  being  emptied.  Ith 
also  hest  to  employ  2  or  more  m<*B  to  hoist  at  thn  same  time,  by  wIiiRhea.  at  both  ends  of  the  aiii; 
and  the  men  will  work  with  mope  ease  if  the  winches  are  at  rlscht  angles  to-ench  other.  Kach  wiosll 
handle  raav  he  \»nf^  enniuh  for  2  or  3  men.  An  pxtra  man  should  be  emploved  to  omptv  the  booketi. 
lie  raiiy  take  turns  with  the  holsters.     The  same  remarks  at>plv  In  some  of  the  foIlowtnK  eases. 

On  a  treadwll«M»l  a  pracfi-^cil  laborer  will  do  about  40  p<>r  cent  more  daily 
duty  than  at  a  winch  :  or  in  a  workinic  'l!«y  *■  of  10  hours,  including  rests,  he  will  do  aliout  1  400fln0fr 
Ihs,  And  h.;  enn  do  this  whefh-'r  he  w.irks  at  the  outer  cireumf  of  the  wheel.  Kteppinx  upon  fse(- 
hoards,  or  tr<':id-hoards.  on  a  l.*vel  with  its  axis ;  or  w.nlks  Inside  of  It  near  its  bottom.  In  h<»th  cawi 
he  acts  hy  hi«  wt.  usii.i;iy  a»..iiit  l.lu  to  1 1()  ihs .  and  not  hv  the  mnsenlar  strength  of  his  arms.  TThei 
at  the  level  of  the  axis,  his  wi  arts  more  direetlv  than  when  he  walks  on  the  bottom  of  the  wbHi 
hut  in  the  first  case  he.  has  to  perform  a  sl,>w  and  fatliming  dulv  resembling  that  of  wii1k1n|C  apt 
continuous  fliisht  of  su-p*:  while  in  the  ii««ond  he  has  as  it  were  merelv  t«  a«oend  a  verv  «1lKhtlvi» 
clined  pliiie:  which  he  i;an  d.»  much  more  raplillv  f.ir  hours,  with  c<imparativolr  little  rutisiie:'sa4 
this  rapidity  com|H>nsVes  for  'he  less  direct  action  of  his  wt.  Therefore,  in  either  ra«e.  as  experiees* 
has  shown,  he  ae,;.->mplishes  ahoiit  th<i  Rsme  amount  nf  dailv  dutv.  Treadwheels  mav  b-  from  i>tsfl 
ft  in  •Ham.  -n'cor-iiuir  to  the  nature  of  the  work.  They  are  eeiierallv  worked  hv  several  men  at  80«i 
and  may  at  times  be  advanlaiseously  used  in  pile-driving,  aj«  well  as  in  hoisting  water,  stone,  kc 

By  a  STOod  <'oninion  pump,  properly  proportioned,  a.  practi.Hed  laborer 

will  in  a  dnv  of  10  worklni?  hmirs.  riilse  alwoit  1000000  ft-Ibs  of  water,  net.t 

Rallin;?  w^ith  a  liirbt  bneket  or  nroop,  he  can  vt^ompli^h  alKNit 

200f)O0  ft  lbs  net  of  water.  By  H.  bnoket  and  NWapO.  (a  long  lever  i-ocklne  vertically: 
and  Wfi-jhtM  at  one  end  so  as  to  balance  the  full  bucket  hung  from  the  other;  often  seen  atconntry 


•  The  working  day  mu«t  be  nnrter^tood  to  \T\p\«Ae  T\ec»**M'?  t«k\il.  «»&,  wanVv\x\i«rm I  salons  as  thi 
nntttrc  nf  thf.  work  demands  ;  hn»  d<tes  not  \T\e\x\Ae.  \\n\e  \«\*\.  *x  xft*t»,\*.  K.  m-wW-ut^  A«t,n«K  \^  Vwr« 
ottty,  thnri'rnn:  have  hut  h.  7.  or  fi.  kc  h«\\r^  oT  actual  Uibov.    lYAa'wWWft  wi^w*,vwA-w\«^-w*\r«r 

'frnr  ape.ik  nf  a  ivnrklnKdav,  or  K\n\p\x  a  Aiiy.  . ,.       , .,_.     _      .._-    ,         .-> 

/Deaagulier-seatlnintci  of  dally  workot  meu  anA\iOT»w«weft^^>>«  •»»'«*> w<-»«*w>>m«^>*V** 


^^^  ASIMAI,  POWER.  BOVvl 

miintit'i-iirrii    Uy  H  buekcia  itt  the  endii  uf  »  riipx  ■UHpeudtKl  over 
By  n  tympHu,  or  lyni|HUiula,*  wucksil  b;  h  madwhcel,  ■Lnm  ISKKKKt'  ( 

KB  Peralitn  whecl.t  s  ehnln-pump,  n  cbnin  of  bncheWJor'   ' 
rcklmedfln  screw,  sll  wurkEtl  by  n  iruulwhual,  trom  tuuoou  lu  louOiKM    - 

Bjr  walkl»K  bAChwnrd  lutil  fwrwanl.  on  H  lever  whicb  r*ekM  3 
>  kfl  its  eettler,  d  m»D  may.  ucfordiTig  ta  Itobuan'e  Medi  i^JiUii«4^1iy.  piTTann  *  * 

'     — --■- 'f  duCT  ttmb  by  anj  of  ttM  prHpdlUK  iMdM.     Ho  iimlh  rhai  ■  Tcwnr  bad  v^hlqf  W     ' 

|4  irilb  3D  Ab  Id  uUlfln,  worllAt  {□  (hb  diiddbt  (be  lOhoorm  ■  dDj  wllt]«i&  ntUirOV 


tDfac&mdB*JDbaMb«il1j,  ftTtap^DftmhjrbBt'^Du  I 
HkiiIIbk  by  h«raea.  SreTriictioii.   "i 

■iiaH^bwUac.>TUVianfllyta'UktD«i  ^i" 
ma—py-  tiid'^  d|iriwiaDrbBd(-.i  ^n 
tTo*  ^ttiiB^wb  nHD4  irllh  TDtbli'um.i  '.'i''  i ' 


Tnble  nf  numlH-r  of  IsmIk  himled  per  Omf  of  ID  wnrhlnij^l 

B«0«CarB«KlrwDj-k<  PK|b  UT.  '  ^ 


ASIHAL  POWER. 


iniki  I  UD,  In  HtlmtiUnc  for  baullnc  roDsb  qnkrry  sMnie  tor 
drikllM,  eUlVerM,   Ac.  btir  <d  mini  n»l  tuli  «ili  ;iTd  ar  cnwn  I  ml  Hit  nW 

qiiiT7;  « ibml  M  of  •  nB  J<  or  <>»>  orKlDil  r«t  Id  Plu*>  A  eub  yd  of  BMld  •••■•. 
wbrn  bn>k«n  Into  pleeni,  usiuUly  occNple*  Kbont  l.S  rm%Jtt 
perfectly  lOOXei  or  ibml  rif  wnm  pllsl  op.    l  ilmnf  nrt  (DTitim  biDlUg;  MltmW 


Morln  ylves  the  Atllowlnpr  pe«nlt«frDm  cm 
iMt.    On  Itnrd  tarnpikeB,  Hnd  piiveiiienii 


nperfmenta  mtdvlf 


(he  dmn  la  lew  witb  wide  tire*  II 
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GLOSSARY  OF  TEBMS. 


•f  slopinf  fronnd.  In  canals,  tbt  ICTtl  top  of  tb*  MBbaBkiaaBt  aMMMlt*  aad  oofwpootif  to  tbt 
tuw|mth  i>  called  the  berm. 

BeMemer  siv«l  ia  fonued  by  fwreinf  air  Into  a  Baas  of  melted  east  Iraa ;  by  wfcleb  means  tke  cxeera 
of  curbuo  in  tli«  iron  is  oeparatcd  rn>ni  it,  until  onljr  enou^  remains  to  eonsUtato  east  Btc<^  Tbt 
carbon  i*  cAemiroMir  united  witli  the  steel,  but  laecAaMteaUy  with  tbe  Iroii. 

BetwH:  cuncrete  of  bjdraulic  cement,  wiib  broken  stone  and  l»'ieks,  gravel,  Ae. 

Bevel :  tbe  slope  formed  bjr  triiuniing  away  a  sharp  edge,  as  of  a  board,  Jcc.  Edges  of  eoaiBoa 
drawing  rulers  and  aeales  are  usually  bevelled.    See  13,  Pigs  42,  of  Trasses,  p  2M. 

Btnel  gear;  cog-wheels  with  teeth  so  formed  that  tlw  wheeU  ean  work  into  each  otter  at  aa  aa^ 

Bilge ;  tbe  nearly  flat  part  of  the  bottom  of  a  ship  on  each  side  of  tbe  keel.  Alee,  tbe  eweUed  pert 
of  a  barrel,  ^e.    To  bilge  is  to  spring  a  leak  in  the  bUc*.  or  to  be  broken  Ibere. 

Bitte  :  the  amall  boring  points  uiied  with  a  brace. 

Blaet-pipte:  in  a  locomotive;  those  through  whieh  tbe  waste  steam  passes  freas  tbe ejllnier  iMs 
tbe  smoke- pipe,  and  thus  ereatcs  an  artittoial  draft  In  tbe  cblmBey,  or  smoke-pipe. 

Boaeliufi :  dressing  stone  with  a  broad  cbiiiel  called  a  boaster,  and  mallet.  Tbe  beaatcr  givei  a 
smoother  surfaee  after  tbe  nse  of  the  point,  or  the  narrow  chisel  called  a  tool. 

Bond;  the  divpoiiing  of  the  blocks  of  stone  or  brickwork  so  as  to  form  tbe  whole  into  a  Irm  ittte* 
tare,  by  aJudieioBs  overlapping  of  eaeb  other,  so  as  to  break  Joint.  Applies  ake  to  timber,  ia^la 
various  waj  s. 

JtoMiMl;  a  cap  over  tbe  end  of  a  |rfpe,  fte.  A  cast'iroQ  plate  bidtcd  dews  as  a  eevcriag  oiw  •■ 
aperture. 

Bore  ;  Inner  diameter  of  a  bellow  ^llnder. 

Jloss ;  an  increase  of  tbe  diameter  at  any  part  of  a  shaft  for  any  perpeee.  A  pn^etfen  in  shape 
of  a  segment  of  a  sphere,  or  somewhat  so,  whether  for  use  or  for  ornament ;  often  carved,  or  cut. 

Box-dra^u ;  a  square  or  reetaugular  drain  of  masonry  or  timber,  andcr  a  railroad,  ice. 

Brace  ;  a  kind  of  eurved  handle  uaed  for  boring  boles  with  bitts.  The  bead  of  the  brace  rewilss 
stationary.  l>elug  pressed  against  by  the  body  of  the  person  aaing  It,  while  tbe  ether  part  wbk  ihs 
bitt  Is  turned  round  by  his  baud.     Alao.  an  inclined  bam,  bar,  or  stmt,  f««r  snstalniug  eomprcsniaa. 

Bracket;  a  prujecting  pieoe  of  board.  Ice.  frequently  trlangalsr.  the  vertical  leg  atlarhrd  is  tke 
fttoe  of  a  wall,  and  the  boriaontsl  one  aapportiag  a  shelf,  kt.  Often  made  in  emamrntal  »kar<*  1^ 
supporting  bust«.  clocks,  Ac.  Also,  tbe  supports  for  shsfting :  ss  pendent,  wall,  and  pcdrstsl  braclHt. 

Brake ;  an  arrangement  for  preventing  or  diwlBlyfeing  motion  by  means  of  frietton.  Tke  f^ictlM 
Is  aanally  applied  at  the  circumference  of  a  revolving  wheel,  by  mesns  of  levers.  On  railroads,  tke 
ear-brakes  shuuld  be  worked  by  steam,  as  those  of  Loughridge,  Westingboase,  and  Creamer.  Aks^ 
such  a  handle  aw  that  of  a  common  pomp. 

Droas  Is  composed  of  copper  and  zinc. 

Bratet;  Bttin|^  of  brasa  in  mnnj  plnmmer-bloeks,  and  in  ether  poaitloas,  for  dimtalskiag  tke 
Motion  of  revolving  jonrnslR  which  Veat  upou  them. 

Bra**:  to  euite  pieoes  of  inn.  copper,  or  brssa.  by  mesna  of  a  bard  solder,  called  sfriter  ■eUv, 
and  dimpoaed,  like  brana,  of  c«i|>|ier  snd  ziuc.  hot  la  otiier  prepnrliona. 

Break  joint;  to  so  overlsp  pieces  that  the  Joints  shall  aoi  occur  at  tbe  same  plaee,  and  thas  fie> 
dnoe  a  bad  bond. 

fireaat-stiMmer;  a  beam  of  wood,  Iron,  or  stone,  supporting  a  wall  over  a  doer  or  ether  epcabg; 
a  kind  of  lintol. 

Breaet-vall ;  one  built  to  prevent  the  falling  of  a  vrrtieal  fsee  ent  Into  the  nafwrMi  aoil;  ia  dis- 
tinction to  a  rptsiDiDg-wall  or  revetment,  which  ia  bniit  to  anstain  earth  dtp»*ited  behind  it. 

Breech;  the  hind  part  of  a  cannon.  Ac. 

Bridge,  or  hridge-piece.  or  bridge  bar ;  a  narrow  strip  placed  across  an  opening,  for  sapperthf 
something  withoot  closing  too  niucli  of  the  opening. 

Brcnge  ia  composed  of 'copper  and  tin. 

BnOtkead;  on  ships,  Ac,  the  timber  partitions  across  them.  Also,  a  long  fsee  of  wbarf  parslkl 
to  the  stream. 

i?uoy ;  a  floating  bodv.  fastened  by  a  chain  or  rope  to  some  sank  body,  aa  a  guide  for  fiadiagtas 
latter.    Sometimes  also'  used  to  Indicate  channels,  ahoals.  rocks,  Ac. 

Bnmi$h  :  »o  polish  bv  rubbinjc:  ehicflv  applioa  to  metals. 

Bu$k ;  to  line  a  circnUir  hole  bv  a  rinjc  of  uieUl.  to  prevent  the  hole  f^om  wearing  larger,  ibe, 
when  a  piece  is  rnt  out.  and  another  pfrre  neatly  inserted  into  the  cavity,  the  last  piece  ia  sometlBts 
said  to  be  boahed  in :  sometimes  ft  is  called  a  plug. 

Bitttreaa:   a    vertical    projecting    piece  of  brickwork  or  masonry,  ballt  in  front  of  a  waD  tc 

BtrenKtben  It.  .        .^    -      ^  *     »  ^ 

OtiMtim :  a  lanre  wooden  box  with  aides  that  may  be  detached  and  floated  away. 

C'lliher;  the  inner  diameter,  or  bore. 

Citlipera  :  oompaases  or  dividers  with  cnrved  legs,  for  measuring  ontslde  diameters. 

Cnfi.  or  mulk;  to  fill  seams  or  joints  with  something  to  prerent  leaking. 

Calking  iron;  a  tool  for  forcing  calking  Into  a  joint. 

Camh.  or  cum.  or  triprr;  a  piece  flxe<l  upon  a  revolving  abaft  In  snch  a  maaner  as  topredace  «a 
alternnting  or  reciprocation  motion  in  something  In  contact  with  the  cam.    A  a  eccentric. 

C^mhrr :  a  slight  upward  curve  given  to  a  beam  or  tresa.  to  allow  for  settling. 

fyttn^T:  a  kind  of  barges  or  hollow  floating  vessels,  which,  when  filled  with  water,  are  fkateatC  t« 
the  side*  of  u  ship :  and  the  water  being  then  pumped  oot,  they  rise  by  their  buoyancy  ;  and  lift  the 
shii^  so  that  she  ean  float  in  shallower  water. 

CitntHfrem  :  projiHStlnu  pieces  for  stipporiine  an  upper  balcony,  Ac. 

C*'in/«,  r»i»M.  or  *hrnuding» :  the  piece*  forming  the  ends  of  the  buckets  of  water-wheels,  to  prertsl 
the  water  fn>m  splIlinK  endwise.  vt.AU 

Orpnt-in ;  a  long  hollow  rope-drum  aorronndlne  a  strong  vertical  pivot,  upon  the  bead  of  whfrt  it 

rests,  and  around  which  it  turns.    Its  ton  is  n  thick  projecting  circular  piece,  having  bolea  aroaad  it* 

oiit'T  edse  or  circumference,  for  the  inaertion  of  the  ends  of  levers ;  or  capstan-bars.    It  Is  a  kiadsf 

vrtlri}  triiidlnni*. 

f\t*^  MiiTfien :  to  convert  tbe  onter  surface  of  wrongbt  Iron  into  steel,  by  beating  it  while  IneoBtaci 

with  ChlirCOHl.  .         . ,  .       ■  k      a 

r„Mrmafr .-  In  fortification  :  the  small  apartToenX  \n  wV\c>\  a  eantiiok  »\mA». 
f'.iM/fir.f.-  rollor*  UHiially  combined  with  »w\ve\»-,  aa  XYioaeweAu^<l«>i««-s  V(iTa\v«%,»ft. 
f^'iMjtftfav  :  a  ml-ed  footwav  or  roadway.  »   •  «,  .xnA* 

C-it'ftto:  a  motil.flngconjii^tlnjtnf  »  «<**^««  <V*^^*'"i J!?  *f2r  CI 
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(  proeest  prsdvoM  bllttan  •■  Um  itaal  b«n;  hcMe  MtUr  itaeL    Thece  ar*  rBmovM,  mi4 

ttiup«cietl.  by  rabeating  it,  and  (hen  ittty«otiDS  It  to  a  tilt-haoimer.    It  U  tben  Cided  stMl, 

laeL-  Or  if  tlM  bUit«r«tael  U  brokon  up:  ramelteil;  aad  thon  run  into  lagou  or  blocks;  U 

4(,  or  >«ytf<  Mtest;  which  is  banter  aad  oloser-graiucd  than  tilled  steel.  It  maj  be  MftMoed, 

»ecoaie  less  brittle,  bj  aaaaaliafl.  Tiie  ingots  majr  be  oonvortad  luto  ban  bjr  either  rolUac 

ing,  the  saske  as  shear  aad  Mister. 

the  supports  of  an  areh  while  being  bnilu 

'  gravUg.    See  Art  5tf,  of  Furoe,  p  481.    Also  M«  Cen  of  Grar,  p  442. 

'  ggrati9ii,    Supposo  a  bodj  free  to  revolve  artHiad  an  axis  whkMi  passes  ihrongli  it  In  any 

9r  to  oseilUte  like  a  pend^lust  hung  fruoi  a  poihter  siisiMnsion.    Then  suppose  in  eitlMr 

tain  given  amount  of  foroo  to  be  applied  to  the  bodj,  at  a  oeriala  given  diet  nrom  the  axis, 

e  point  of  suiipeuiloa,  so  as  to  impart  to  the  bodjr  an  angular  vol;  or  in  other  words,  to 

describe  a  number  of  tUgrtt  per  seo.    Now,  there  will  be  a  oertain  point  In  the  bodj,  such 

mtire  wt  of  the  body  were  there  oouoentrated,  th«n  the  aame  foroe  as  belbre,  applied  at  the 

rom  the  axi<.  or  from  the  point  of  su^peusion  as  before,  would  impart  bo  the  liodjr  the  same 

•tlon  as  before.  This  point  is  the  center  of  gyration;  and  its  dist  from  ttie  axis, or  from  the 

ipensioD,  is  the  Radiut  of  ggraUom,  of  the  body.    To  And  the  position  of  this  center,  or  the 

his  rad,  see  Moment  of  Inertia,  in  this  glossary.    One  use  of  the  center  of  ^ration  is  to 

>  calculate  the  momentum  or  moving  force  in  a  revolving  or  osoiilating  body.  This  foroe  in 

I  is  found  by  mnlt  tbe  wt  of  the  body  in  B^s,  by  the  vert  height  in  ft  throagh  which  it 

i  to  fall,  in  order  to  acquire  the  vol  which  Its  center  of  gyratioa  has.    This  height  majr  be 

.ble  10,  p  362,  of  Hydraulics. 

'  o«oiU««ei»,  or  e/  *iira<io».    Seo  Rem  2.  of  Pendulums,  p  ITS. 

^j»«reMssioi»,  in  a  movias  body,  is  that  point  which  would  strike  an  oppesiag  body  witia 

M  than  any  other  point  would.    If  the  opposing  body  is  immovable,  it  will  receive  mil  th« 

igid  moving  body  which  strikes  with  lu  neuter  of  peronstlon.    Seo  Peudniaa,  page  ITS. 

a  shallow  well  for  reeeivlng  waste  wncer.  Uth,  4c. 
r  means  much  the  same  as  bevel;  bat  applies  moreespcoiallj  when  two  edges  are  cat  awnj 
a  either  a  chamfer-groove,  (see  14,  p  294.  nf  Tmsaes.)  or  a  pn^eoting  sharpedge. 
iwo  flat  parallel  pieces  oonnning  something  between  tnem.    See  »,  at  15,  of  Viga  tlH*  of 
KS. 

ekiU-hardemiHgt  or  ehtU-catHna ;  giving  great  hardness  to  the  ontside  of  onst-lroa,  by 

ntoa  mould  made  of  iron  instead  of  wood.    The  iron  monld  eannes  the  ontside  or  skin  of 

to  cool  very  rapidly ;  and  this  for  some  unknown  reason  increases  its  hardaeaa.  .TUm  pnh 

lentlv  eonfitunded  with  oase*hardening. 

ny  piece  used  for  filling  up  a  chance  hole,  or  vacancy. 

he  arranKemeut  attached  Co  the  revolving  shaft,  arbor,  or  mandril  of  a  lathe,  for  holding 

» be  turned. 

1U ;  a  long  iron  bar.  with  a  cutting  end  of  steel :  much  used  In  quarrying,  and  worked  by 

ad  letting  it  fall.    When  worked  by  blows  of  a  hammer  or  slndije  it  Is  called  a  Jiimper. 

egmn :  a  moulding  nearly  in  shape  of  an  8.    When  the  upper  part  is  eoucave,  It  Is  called 

t;  when  convex,  a  olma  reverse.    See  page  <7. 

ve.    See  Valve. 

I  piece  fastened  by  tongue  and  groove,  transversely  along  the  end  of  others,  to  keep  them 

ag.    A  kind  of  open  collar,  which,  being  closed  by  a  olam-sorew,  holds  tight  what  It  snr- 

»e  Cramp. 

>-dM ;  short  thin  boards,  shingle-shaped,  and  used  instead  of  shingles. 

iplit  provided  at  the  end  of  an  iron  bar.  or  of  a  hammer.  4c,  to  take  hold  of  the  heads  of 

kes  for  drawing  them  out ;  as  In  a  common  claw-hammer. 

piece  merely  bolted  to  another  to  serve  as  a  support  for  something  else;  as  at  7.  «.  ».  10, 

If  Tmsaes.      Often  used  on  shlphnard  for  fastening  ropes  to.  as  at  11.     Alsnapieeeof 

1  across  two  or  more  other  boards,  for  holding  them  together,  as  Is  often  done  in  temporary 

lee  Shackle, 
ee  Ratchet, 
stoning  like  that  on  the  tops  of  the  Y*s  of  a  spirit  level ;  being  n  kind  of  half  eollar  opentag 

ipplled  to  various  arrangemenu  at  the  ends  of  separate  shafts,  and  which  by  olotching  or 
to  each  other  cause  both  shafts  to  revolve  tocether.    A  kind  of  coupling, 
cind  of  valve  for  the  discharge  of  liquids,  air.  steam.  4&  ' 

t ;  a  ooefflolent  of  friction,  safety,  tensile  slrenelh.  Ac,  may  usually  be  Uken  to  be  a  num- 
ihows  the  proportion  (or  rather  the  ratio)  which  friction,  safstv,  tensile  strength.  4e.  bear 
something  elite  which  is  not  generally  expressed  at  the  time,  but  U  well  understood.  Thus, 
ly  that  the  coeff  of  friction  of  one  body  upon  another  Is  •^,  4c.  It  Is  understood  that  the 
a  the  proportion  of  -jJjyth  of  the  prtM»ur«  which  produces  It.  A  coetT  of  safety  of  S.  meant 
ety  has  a  proportion  or  ratio  of  S  to  l  to  the  theoretical  hreaklAg  load.  A  coelT  or  MO  Ib^j 
'*  ,^^  tensile  strength  of  anv  material,  denotes  that  said  strength  Is  la  tbe  proportion 
ir  of  20  tons.  4c,  to  each  aqnartt  inch  of  tratuv^rae  taction.  4c. 

•» .-  an  enclosure  built  in  the  water,  and  then  pumped  dry,  ao  as  to  permit  masonry  or 
to  be  carried  on  inMlde  of  it. 
tooth  of  a  cog-wh^l. 
flat  ring  surrounding  anything  elowly. 

im;  a  horizontal  timber  stretching  from  one  to  another  of  two  raften  which  meet  at  top: 
le  main  tie-beam.    See  21.  Figs  42.  of  Trusses.    Page  294. 

r  artificial  stone  fnrraed  by  mixing  broken  stone,  gravel.  4e,  with  common  lime,  nrhea 
ement  is  used  instead  of  lime,  the  mixture  Is  called  betoa.  The  terms  •'  lime  concrete  -* 
It  concrete  "  would  he. convenient. 

If  •rod ;  a  piece  which  oonnecu  a  crank  with  something  which  mevea  It,  or  to  which  It 
a. 

a  kind  of  ornamental  bracket,  somttwhai- Va  ilbKpa  «A  «a^\  VAii^  ^lMlA.V^.«nr«^iw»^%fv, 
Hf  omamenui  mouldings  above  It. 

tat  pfafee  of  stone.  Iron.  4e.  ^aeed  on  the  tnpa  ^  tnSl*  «V«w^  ^»^*>^'*'«S?^<^,--^-, 
heriMntaJ  prqfwciag  pkM  whlBk  aaaiiu  \»  Mipv»«^tai*«^«*^^''*^^^^^^^ 
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Cure;  aoytklng  Nnring  m  ■  BoaM  Ibr  aojlUng  dfe*  to  b«  fcrmad  aroaad.    A  Inm  wiA  imIIi 

fouuilrien. 

Oomice ;  the  ornanMuul  proiJcetloD  at  tka  aavM  of  a  baiUlag,  or  at  tha  top  of  a  plw,  or  of  a^j  tihcr 
structure. 

CvtUr'bvU,  or  kty-hoU ;  a  bolt  wbleb,  iastoad  of  a  mtow  and  Bat  at  one  ond,  has  a  slot  oat  tkrsifi 
ii  Utfur  thot  ttod,  for  the  ioMsrtiuu  of  a  wedge  auaped  kej  or  oottor,  for  kecpiug  It  la  iu  place.  Boot- 
tiuea  the  eud«  of  tboM  keys  ar«  apUt,  m  u  to  »pr«ad  opoD  after  boing  iuacrted,  m>  aa  aot  to  be  JbM 
out  uf  place. 

CouMter/ort;  rcrtleal  projoetiono  of  naeonry  or  brickwork  bailt  at  latcrraU  along  tbaiactoC  t  vi& 
iu  aireugtbeu  it ;  aud  geuemUy  of  verj  liiUe  use. 

C»uHt«r-ahan ;  a  aeooudary^liartor  axle  wbleb  roeelree  notion  ftom  the  prinelpal  oae. 

VounternuJc.    8ce  Beanilug. 

IkmHfT'Wcigkt ;  or  ouaater-balaBoe;  any  weight  need  to  bahnee  another. 

VoupUuffsf  a  Mrm  of  very  general  appueatlou  to  arraagenMBU  for  eonneeting  two  ahafli  M  Ibil 
tbey  Hball  revolve  together. 

Vrab ;  a  short  Hbaft  ur  axle,  wbleb  serves  as  a  rope-dram  In  raising  weights  ;  and  is  revolTedehhcr 
by  oog-wbeels,  a  wiuota,  or  by  levers  or  handspikes,  Inserted  in  holes  around  its  eireunifbreaeeHkcs 
windlass,  or  capstan,  of  which  it  is  a  variety.  It  may  be  either  rcrtleal  or  horixontal.  It  is  elM 
■et  in  a  frame,  to  be  carried  from  plaoe  to  plaoe. 

CVadte ;  applied  to  various  kinds  of  timber  supports,  whieh  partly  eneloee  the  mass  snetalael. 

Vramp;  a  short  bar  of  metal,  having  its  two  ends  beut  downward  at  right  angles  for  Inscrtisa  leM 
two  adjuiuing  pieces  uf  stune,  wood,  to,  to  buld  them  together.  Mnob  need  at  the  end*  (tf  Odmiag-sMBK 
itiso  a  similar  bent  piece,  with  a  set'screw  passing  through  one  of  the  bent  ends,  fbr  hcMlag  tUafi 
tight  between  it  and  the  other  end.    This  last  is  also  called  a  clamp. 

Orune;  a  bolstiug  macbiuo  consisting  of  a  revolving  vertical  poat  or  statt  ;  a  preJcctlngM ;  Ml 
a  f  toy  fur  sustaioing  the  outer  end  of  the  Jib.  The  stay  may  be  either  a  strat  or  a  tie.  Taeie  an 
also  cog-wheels,  a  rope  drum  or  barrel,  with  a  winch,  ropes,  pulleys.  Ac.  In  a  crane  the  poit,JUk 
and  SUV  do  not  change  their  relative  pusitions,  as  they  do  in  a  derrick. 

CVaM«  ;  a  double  bend  at  right  augles,  somewhat  like  a  Z,  at  the  end  of  a  shaft  or  axle,  and  tetwiH 
a  kind  of  handle  by  which  the  axle  may  be  made  to  revolve.  Sometimes,  as  In  common  grinisteeo, 
this  crank  is  formed  of  a  separate  piece  removable  at  pleasure.  That  part  of  this  pieoe  which  ha* Iks 
square  opening  in  it  for  fitting  it  to  the  square  end  of  the  axle.  Is  called  the  eranJk-arm;  and  theMfev 
part  the  erunk-hundU,    A  6eU-cranA  consisu  of  4  bends  at  right  angles  at  the  center  of  an  axk.fKa* 

Ing  In  It  a  kind  of  U.    A  double  crank  eousisu  of  two  bell  cranks  arranged  thus,  jj  ^.   The  bent  ii 

the  n  forms  the  erank-wriat.  The  term  bell  crank  is  applied  also  to  those  nsed  in  Uxiug  common  <vdl- 
Ing  house  bells :  and  to  larger  ones  on  the  same  prtneiple.  A  ermUtpln  Is  a  pin  projecting  fteei  ■  »■ 
ToTving  wheel,  disk,  or  other  body,  and  serving  as  a  crank-handle.  A  erank-eha/t  is  a  shaft  WWM 
has  a  crank  In  it.  or  at  its  end.  A  cranked  shaft  has  It  in  it  only.  A  ship  or  other  vessel  Is  sell  It 
be  crank  when  lu  breadth  is  so  small  in  proportion  to  Its  depth  as  to  make  It  liable  to  upaet  easily; « 
when  the  same  liability  is  cansjed  by  want  of  snfBeient  ballasu 

Cy-esI ;  that  top  part  of  a  dam  over  which  the  water  poors. 

CVo««-cu(  eaw ;  a  large  horizontal  saw  worked  by  two  men,  one  at  each  end. 

Vroaa-kfad :  a  piece  attached  acroKs  the  end  (or  near  it)  of  another  piece,  and  at  right  angles  ts Hi 
•0  as  to  form  a  kind  of  T  or  cross.  Often  seen  on  piston  rods,  which  tbey  serve  to  keep  In  plia^r 
renting  on  the  wliden,  or  guides.  ^  .       ^ 

Crowbar ;  a  bar  of  iron  used  as  a  lever  for  various  pnrpoHCs ;  often  pointed  at  one  end. 

Crown,  or  eontrate  wheel;  a  cog-wheel  in  which  the  teeth  stand  not  upon  iu  outer  circumfbreMC n 
nsual.  but  upon  the  plane  of  its  circle.  .      ^       ..    .  ...        «. 

Curb :  a  broad  flat  circular  ring  of  wood.  iron,  or  stone,  placed  under  the  bottoms  of  eiranlar  wsWi 
as  in  a  well,  or  shaft,  to  prevent  unequal  settlement ;  or  built  into  the  walls  at  interrala,  for  thcisM 
purpose.     Has  many  other  meanings.  „^^.         ^.  ..  ju. 

Cutoff:  an  arrangement  for  cutting  off  the  steam  fWtm  a  eviinder  before  the  piston  has  made  » 
full  stroke.    Also  a  channel  cut  through  a  narrow  neck  of  land,  to  straighten  the  course  of  a  rivtr. 

Cutwater,  or  starling ;  the  projecting  ends  of  a  bridge  pier,  kc,  Ubually  so  shaped  as  to  allow  wsW, 
ioe,  Ac,  to  strike  them  with  but  little  Injury. 

Damper ;  a  door  or  valve  to  regulate  the  admission  of  air  to  a  furnace,  stove,  cc. 

Deod  load;  the  cars,  engine,  Ac.  in  a  train  ;  non-paying  load.  ^  .  «^,  _i.k 

Dead  pointa ;  those  two  points  in  the  revolution  of  a  crank,  when  the  crank  arm  Is  paralW  wna 
the  rod  which  connects  it  with  the  moving  power;  and  at  which  said  rod  neither  pulls  nor  pesM 

the  crank-arm.  .  ...     -    .  ..      _.— 

Declination,  of  the  sun.  or  of  a  star,  is  its  latitude,  or  angle  north  or  south  of  the  earth  s  eqa«r 

at  the  time  of  observation. 

7)erKt'<ty;  a  downward  slope  or  descent  of  ground.  «c.  v       .  i  w       u. 

Dentila;  blocks  constituting  ornaments  in  a  cornice;  placed  at  snort  Intervals  apart,  tbey  reew" 
teeth.  When,  instead  of  mere  blocks,  they  are  handsomely  carved  In  various  shapes,  they  areeaUM 
modilllons.  .fc.i« 

Derrick;  a  kind  of  crane,  differing  from  common  ones,  chiefly  In  the  fact  that  the  rope  OTMira 
which  forms  the  stsv  may  be  let  out  or  hauled  in  at  pleasure,  thus  raising  or  lowering  the  IncIiBsnia 
of  a  jib;  therchv  enabling  the  raised  load  to  be  placed  vertically  at  the  required  spot.    Thu  eanast 
be  done  with  a  crane,  which,  therefore,  is  not  as  well  adapted  for  laying  heavy  nhisonry,  espcsiagj 
at  creat  heights. 
Diaphram ;  a  thin  plate  or  partition  placed  across  a  tube  or  other  houow  body.  .  .... 

Die :  that  part  of  a  stamp  that  rJres  the  impression.   Dies  are  also  two  flat  plates  of  hardeacasKW. 
on  an  ed»e  of  each  of  which  is  hollowed  oat  a  semicircular  half  of  a  short  female  screw.    Wheattsw 
plates  are  put  in  contact  thev  form  a  complete  female  screw,  like  that  in  a  nnt;  and  being  airssw^ 
held  together  by  an  iron  boxing  called  the  die-stocks,  which  have  long  bandies  for  revolving  th«a.u«T 
constitute  a  monld  or  cutter  for  forminfr  threads  on  a  male  screw.     Aho  the  main  body  of  a  pcdssial 
I>ip:  In  geology,  either  the  angle  which  the  slope  of  a  atratam  fbrms  with  a  hoHioBUl:  er  «• 
direction  hv  compass,  toward  which  It  slopes.    \n  %nT\«v\ai,^i»VwAta»sion  at  which  aa  aahdaaMa 
compHBg-aeedle  reau  oo  ita  pivot  after  beltis  masnetVna.  -  •   • 

ZHak:  a  flat  circnlar  pieoe.  .  ,        ..^    n       ■  ■  a  i  >->  m  -iif'iB  ■■■  ihwift 

Dork;  an  artiflcial  encloanre.  either  part\a\  or  U»Xa\,  \iijj>\^**^ 
'or  being  lonAoA  or  anloaded.  or  repairfrt.    T^« '^"^^A.'^^VuVSfwlSJtaX'**^ 


>»      V»  'omtrn  or  anloade;!.  or  repairfni.     *f' "'V  -  -  ~    _v»v  w  «A»  \>i«»x  ftft'a^  a^'wi 
Dcgirnn  ,  a  -hort  bar  of  iron,  forming  a  h\nd  "'  ^J.^^;,!j^^^vK«a.    Wv«a^>iA%w    ___ 
nd  pofnred.  «o  ««  to  hold  together  two  pieces  \n\a  ''^^^r^'v^SS.  a&jl  vA»!M&^  «bM»«* 

^rpo,c,.     Jt  i«  alao  called  a  dog-Iron  wbcu  oa\y  oua  «u4 \a  wiav «»  »- 
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•Omt  end  beinf  formed  Into  an  eye  or  »  handle  by  which  the  pieee  into  which  the  other  end  ii  driven 
may  be  hauled  or  tuwed  away. 

//onJeey-enyJne ;  a  amall  steam  engine  attached  to  a  large  one,  and  fed  from  the  aame  boiler.  It  U 
need  for  puuplug  water  into  the  boiler. 

Double  crank.    See  Crank. 

JMiubU  Jt€^a.    See  K,  Figs  42.  of  Trataei ;  page  S94. 

DovttaU;  a  Joint  like  20,  Figs  42  of  TrusMt ;  it  i«  a  poor  one  for  timber  when  there  la  mooh  atraln, 
being  then  apt  to  draw  out  more  or  lesa. 

Dowel ;  a  atraight  ptu  of  wood  or  meta),  Inaerted  part  way  into  eaeh  of  two  faoes  which  It  unites. 

Draft;  the  depth  to  which  a  floating  Veisei  sinka  in  the  water;  iu  other  words  the  water  ifr^raira. 

Draught;  a  drawing.  A  narrow  lerel  atHpe  ■which  a  stonecutter  first  vuu  around  the  edges  of  a 
rough  flone,  to  guide  him  in  dressing  off  the  Uoe  tbos  enclosed  by  the  draught. 

Draw-plat« ;  a  plate  of  very  hard  ste«l,  pierced  with  small  circular  holes  of  different  diameters, 
through  which  in  succession  rods  of  iron  arc  drawn,  and  thus  lengthened  out  into  wire.  SometfaUM 
tne-holea  are  drilled  through  diamond  or  ruby,  ke,  instead  of  steel. 

Drift;  a  horizontal  or  iucllned  pansage-way,  or  small  tunnel,  in  mines,  te.  To  iloat  away  with  a 
onrrent.    Trees,  kc.  carried  along  by  freshets. 

Drip;  a  small  channel  cut  under  the  lower  projecting  edge  of  coping,  ko.  so  that  rain  when  Ik 
reaches  that  pulut  will  drip  or  fall  off,  instead  of  finding  its  way  horizontally  beneath  lo  the  wall, 
which  ii  would  make  damp. 

Drop ;  short  pieces  of  nearly  complete  cylinders,  placed  at  small  distances  apart.  In  a  row  lik« 
teeth,  as  an  ornament  to  cornice.*,  Ice. 

Drum;  a  revolving  cylinder  around  which  ropes  or  belts  either  travel  or  are  wound.  ITbeB  Bar> 
row  and  used  with  belts  they  are  called  pulleys. 

Drg-irot;  decay  in  such  portions  of  the  timber  of  houses,  bridges,  ke.  as  are  exposed  to  dampness, 
especially  in  couflned  warm  situations.  The  timber  in  cellars  and  basement  stories  is  mere  liable  to 
it  than  in  other  parts,  owing  to  the  greater  dampness  absorbed  by  tbe  brickwork  from  the  groond. 
CoQ^nct  with  llnie  or  moriar  hastens  dry  rot.  The  ends  of  girders.  Joists,  ke,  resting  en  damp  walls, 
may  be  partially  protected  by  placing  pieces  of  slate  or  sheet  iron  uuder  them.  The  painting  or  tar^ 
ring  of  tuueeuoneri  timber  expedites  internal  dry  rot.  A  thorough  soakiug  ef  timber  In  a  solntion  of 
2d  grains  of  qnicklime  to  1  gallon  of  water  is  said  to  be  a  prereuttve  of  dry  rot-  but  tbe  best  prooesa 
for  tbat  purpuM  is  suturation  with  creosote  or  carbolic  acid  by  the  Bobbins  mode. 

Dgke;  moundn  of  eurtb,  ko,  built  to  prevent  overflow  from  rivers  or  the  sea.  A  kind  of  geological 
Irregularity  or  disturbance,  consisting  of  a  stratum  of  rock  injected  as  it  were  by  voloanio  action,  b» 
twcen  or  across  strata  nt  rocks  of  another  kind.    A  levee. 

Ecetntrie;  a  circular  plate  or  pulley,  surronnded  by  a  loose  ring,  and  attached  to  a  rerolTlDg 
shaft,  and  moving  amund  with  it,  but  not  having  the  same  center ;  fur  producing  an  iilternate  motion* 
Often  used  instead  of  a  crank,  as  they  do  not  weaken  the  axle  by  requiring  it  to  bo  benu  There  arp 
many  modlfloations. 

BHe<trpmgnt ;  a  nuarly  vertical  aatunl  tmee  of  rock  or  soil. 

.Btcutchtofi  ;  the  little  outride  movable  plate  tliat  prtiteets  the  keyhole  of  a  lock  ttom  dnst. 

Eif4;  a  circular  hole  in  a  tLxt  bar,  ka,  for  receiving  a  pin.  or  for  other  purposes. 

E^e  and  ttrap;  a  hinge  common  for  ontside  shutters,  ko.  one  port  consisting  of  an  Iron  strap  eoa 
end  of  wuich  is  furg  >d  into  a  pin  at  right  angles  to  It ;  aud  the  other  part,  of  a  spike  with  an  ere, 
through  which  tbe  pin  passes.  When  the  eye  is  on  the  strap,  and  the  pin  on  the  spike,  it  Is  called  a 
hook  and  strap.    Sunh  biuges  are  sometimes  called  "  backflaps." 

Sif9-boU:  a  Imlt  which  bai  an  eye  at  one  end. 

Fneo-waU:  one  built  to  sositain  a  taoe  cut  into  natural  earth,  In  distinction  to  a  retaialng-wall, 
which  supports  earth  <lcposltod  behind  It. 

F'tU;  the  rope  ustHl  with  pulleys  In  hoisting. 

^ixlss-worJw ;  the  scaffold,  center,  or  other  temporary  supports  fbr  a  stmetnre  while  ft  It  belns 
bnllt.  In  very  swift  Ktreams  it  Is  sometimes  necessary  to  sink  ofibs  filled  with  stone,  as  a  basa  fbr 
false- works  to  fitot  uiton. 

/bsefnes;  buodlct  of  twigs  and  small  branches,  for  forming  foundations  on  soft  ground. 

Fatigue:  of  materinH ;  the  increase  of  weakness  produced  by  frequent  bending;  or  by  sustaining 
heavy  l«>a(ls  for  a  loni{  tltnu. 

Faucet ;  a  short  tube  for  emptying  liquids  ttom  a  cask,  ko ;  the  flow  is  stopped  by  a  spigot.  The 
wider  end  of  a  o-tmmon  ci4t-Iron  water  or  gas  pipe. 

Feather:  a  KlUhily  pntjpoting  narrow  rib  lengthwise  of  a  shaft,  and  which,  eatching  Into  a  eorre* 
•pnodlng  groovcln  niijthin/ tbat  surrounds  andslides  along  Uie  shaft,  will  hold  it  fast  at  any  required 
part  of  the  length  of  the  feather.     Han  other  applications. 

Feather-edge ;  when  one  edge  of  a  boanl.  4o,  is  thinner  than  the  other. 

F$Uoe^  wfUtj/:  the  circular  rim  of  a  wheel,  into  which  tbe  outer  ends  of  the  spokes  flt;  and  whieli 
is  often  surntii  tilled  by  a  tire. 

FeU:  a  kind  of  coarse  fabric  or  cloth  made  of  fibres  of  hair,  wool,  coarse  paper,  kc,  by  pressure, 
and  not  by  weaviog. 

Fender;  a  pirao  for  protecting  one  thing  ft-om  being  broken  or  Injured  by  blows  fbom  another: 
frequently  vertical  tlmtwrs  along  the  outer  faoes  of  wharves,  to  prevent  injury  from  tbe  rubbing  or 
ven^cls. 

Fnnder-pVe* ;  pllen  driven  to  ward  off  scoidental  floating  bodies. 

Ftrrule :  a  broad  metallic  ring  or  thimble  put  around  anything  to  keep  It  from  splitting  or  breaking. 
A  small  slocve. 

Fillet;  a  plain  narrow  flat  moulding  in  a  eomloe,  ko.    See  Platband. 

Fl*h  ;  to  Join  two  Iwams,  ko.  by  fastening  other  long  pieces  to  their  sides. 

Flag* ;  broad  flat  stones  for  paving. 

Flange  ;  a  projootlng  ledge  or  rim. 

Flaehinge;  broad  strips  of  sheet  lead,  copper,  tin,  ke,  with  one  edge  Inserted  Into  the  Joints  of 
brickwork  or  masoury  an  inch  or  two  above  a  roof,  ko;  and  projecting  out  several  inches,  so  as  to  be 
flattened  down  close  to  the  roof,  to  prevent  rain  from  leaking  through  the  Joint  between  the  roof  and 
the  brick  chimney,  ko.  which  prt\|ects  above  it. 

.  FloMke ;  upper  and  lower;  the  two  parts  of  the  bos,  whklk  eauVaNsA  vYa  ta!n'<^^VQ.\«  -wXiitfSck  '<Mal^«'w 
Jjon  la  pouria  for  emMtlnge.  _._^ 

FimMJur;  emuMing  painting  to  hare  a  dead  «r  dal\,\a>lMa&ot  %  ^Mswai  ^sNaYx.'Vi.l  ^M8ca.X>J«V»»* 
ia»taut  of  nil  Iu  the  iast  coat. 
>|Wsrw/  a  scralirht  flfirfat  of  staps  in  a  stairway. 
^999d09Ui  a  gacc  to  toi  off  WMwa  of  water  la  AoQda.w  «X  ^C^«b  >&aiM. 
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JtuMM;  %  ditoh,  trough,  or  other  ehannol  of  modentt  •in  for  oondnotlnf  watu-.  Tko  41tahMor 
•alvtfrta  throagh  which  surplus  water  passes  from  an  upper  to  a  lower  reach  of  a  eaaaL 

Fluth  ;  foruiiug  au  even  ooutiuuous  lioe  or  surface.  To  oleaa  out  a  line  wf  pipes,  sewen,  gvttan, 
Ac,  \ij  lettiug  ou  a  sudden  rush  of  water. 

Fluxes;  various  Nubstances  used  to  prevent  the  instantaneous  formation  of  rust  when  wddln  two 
pieces  of  hot  metal  together.  Such  ru«t  would  cause  a  weak  weld.  Borax  U  used  for  wrought  ma; 
n  mixture  of  borax  and  sal  ammuuiae  for  steel;  chloride  of  liue  for  cioc ;  sal  ammoniao  Cor  cofper 
or  brass ;  tallow  or  redin  for  lead. 

Fl^-wheH}  a  heavy  revolving  wheel  for  equaliiing  the  motion  of  maehinery. 

Foawung;  an  undue  amount  of  boiling,  caused  b;  grease  or  dirt  in  a  boiler. 

FMower;  auy  cog-wheel  that  is  driven  b/  another;  that  other  is  the  Uader. 

Forceps;  anj  tools  for  holding  thingii,  as  bjr  pincers,  or  pliers. 

JPV»rafray,  orp»tutock;  the  reservoir  from  which  the  water  passes  immediately  to  a  water-wfaed. 

Fargt;  to  work  wrought  iron  into  shape  bj  first  softening  it  bj  beat,  and  then  hamaming  it  iM 
the  required  furm. 

Fttrgt'hammer ;  a  heavv  hammer  for  forging  large  pieces;  and  worked  by  machinery. 

fwaili  a  thin  wedge  inserted  into  a  slit  at  the  lower  eiid  of  a  pin,  so  tbat  as  the  pin  Is  drini 
down,  the  wedge  enters  it  and  causes  it  to  swell,  and  hold  more  flrmlj. 

Frame;  to  put  together  pieces  of  timber  or  metal  so  as  to  form  a  truss,  door,  or  other  itmetBn. 
The  thing  so  n-amed. 

Frietio»-roUtra ;  hard  cylinders  placed  under  a  body,  that  it  may  be  moved  more  rendfly  tbaa  If 
■Uding.    See  Fig  43 ;  page  'JHo. 

FriUiomrwlueU  ;  wheels  so  placed  that  the  Journals  of  a  shaft  may  rest  upon  their  rims,  and  th« 
be  enabled  to  revolve  with  diminished  friction.    See  page  601. 

Fritxe;  in  architecture,  the  portion  between  the  architrave  and  oomice.  The  term  is  often  JW^iA 
when  there  is  no  architrave. 

Fulcrum;  the  point  about  which  a  lever  turns. 

Furriiu$;  pieces  placed  upon  others  which  are  too  low,  merely  to  bring  their  upper  i|prfaoes  apts 
n  required  level ;  as  is  often  done  with  Joinu,  when  one  or  more  are  too  low  :  a  kind  of  chock. 

FuM*,  orfuM  ;  to  melt.  A  slow  match,  which,  by  burning  for  some  time  before  the  fire  reaebcs  tki 
powder,  gives  the  men  engaged  In  blasting,  time  to  get  out  of  the  way  of  flying  fragments  of  sisos. 

O'tskit;  rope-yarn  or  bomp,  used  fur  stuiBng  at  the  Joints  of  water-pipes,  Ac. 

Gemring;  a  train  of  eog- wheels.   Now  mueh  supplanted  by  belt*.  * 

Oii;  the  piece  of  meUl  somewhat  of  this  shape,  I— I,  often  nsed  in  the  same  bole  with  a  «cdfi> 
•haped  key  for  confining  pieces  together.  In  common  use  for  fkstenlng  the  strap  to  the  stubeadsf 
the  eonneeting-rod  of  an  engine. 

Gin;  a  revolving  vertical  axis,  nsually  furnished  with  a  rope-drum,  and  having  one  or  more  hif 
nrms  or  levers,  by  means  of  which  it  Is  worked  by  horses  walking  in  a  circle  around  it.  Used  ftr 
hoisting.    CflttoQ-gin.  a  machine  for  separating  cotton  from  its  seeds. 

Girder;  a  beam  larger  than  a  cowmon  julst.  and  used  for  a  similar  purpoae. 

<M«cis;  in  fortification,  an  easy  slope  of  earth. 

Gland.  See  Stuffing-lMZ.     AIm,  a  kind  of  coupling  for  ahafts. 

Glu«;  a  cement  for  wood,  prepared  chiefly  fh>m  the  gelatine  (Umlshed  by  boiling  the  pariBgi  of 
hides.    Good  glue  will  hold  two  pieces  of  wood  together  with  a  force  of  from  400  to  7.50  lbs  per  vq  ii< 

Ooeernor ;  two  halln  ro  attached  to  an  upright  revolving  axis  as  to  fly  outward  by  their  centriA|sl 
force,  and  thuii  regulate  a  valve. 

Grmpnel;  a  kind  of  compound  hook  with  several  curved  points,  for  finding  things  in  deep  water. 

OriUage :  a  kind  of  network  of  timbers  laid  crossing  each  other  at  right  angles ;  frequently  planl 
•n  the  heads  of  piles,  for  Rnp|K>rting  piers  of  bridges,  and  other  masonry. 

Groin ;  an  arch  formed  by  two  segnieutsl  arches  or  vaults  Interseeting  each  other  at  right  aagtaii 
Also,  a  kind  of  pier  built  from  the  shore  outward,  to  intercept  abingle  or  gravel. 

Groove;  a  small  channel,  as  at  17  and  18  of  p  294  of  Tmsses.  A  triangular  one  Is  eaUeda 
chamfered  groove. 

Grou$id-ewM;  waves  which  continue  after  a  itorm  has  eeaaed ;  or  e&uaed  by  storms  at  •  dlstaiM. 

Grout ;  thin  mortar,  to  be  poured  Into  the  interstices  between  stones  or  bricks. 

Gudgeons ;  the  meUl  journals  of  a  horizontal  shaft,  such  as  that  of  a  water-wheel.  The  disn  of 
n  gudgeon  should  not  be  less  than  its  length ;  and  this  being  assumed,  the  diam  in  ins  of  a  east-Iroa 
gudgeon  may  be  fouud  thus :  Divide  the  wt  of  the  wheel  and  water,  or  whatever  wt  is  sustained,  1^  t 

Find  sq  rt  of  rem.   Divide  this  sq  rt  by  80.     For  wrought  iron,  add  ^^^th  part. 

Gun-metiMl.  or  bronze :  a  compound  of  copper  and  tin,  sometimes  used  for  cannon.  Also,  aqullty 
of  cast  iron  (It  for  the  .-tame  purpose. 

Outaeu;  plain  trianKular  pieces  of  plate  iron,  riveted  by  their  vertical  and  horizontal  legs  to  ths 
sides,  tops,  and  bottoms  of  box-girders,  tubular  bridges,  Ac,  Inside,  for  strengthening  their  aa^fls. 

Gu^a  ;  ropes  or  chains  used  to  prevent  anything  from  swinging  or  moving  about. 

Gyrate;  to  revolve  around  a  central  axis,  or  point. 

Hilving ;  to  notch  together  two  timbers  which  cross  each  other,  so  deeply  that  the  Joint  thidUCM 
shall  equal  nnlr  that  of  one  whole  timber. 

Hammer  dreet ;  to  dress  the  face  of  a  stone  by  slight  blows  of  a  hammer  with  a  cutting  edge.  Tho 
patent  hammer  for  such  purposes  has  several  such  edges  placed  parallel  to  each  other,  each  of  wbiofc 
may  be  removed  and  replaced  at  pleasure. 

Hand-Urer ;  in  an  euKtue,  a  lever  to  be  worked  by  hand  instead  of  by  steam. 

Handepike;  a  wooden  lever  for  working  a  capstan  or  windlass;  or  other  purimses. 

Hand- wheel ;  a  wheel  used  instead  of  a  spanner,  wrench,  winch,  or  lever  of  any  kind,  for  lerewUl 
But«.  or  for  raising  weights,  or  for  steering  with  a  rtidder,  Ac. 

fiingera,  or  pendent  hracketa ;  fixtures  prqfeeting  below  a  eeiling,  to  support  the  Journals  of  loa| 
lines  of  shafting ;  and  for  other  purpose.    Should  be  "  self-adjusting." 

Hasp;  a  piece  of  metal  with  an  opening  for  folding  it  over  a  staple. 

^ateMwag;  a  horizontal  opening  or  doorway  In  a  floor,  or  In  the  deek  ef  a  vesseL 
Jfaunekes  ;  the  parts  of  an  arch  from  the  keystone  to  the  skewbaok. 
.^^//rf-itoc*;  a  blockon  which  ftpWlowWockreaU. 

Jleader;  a  stone  or  brick  laid  lengthwise  at  riRht  aiif\e*  V«  \\v*  t*««  «J  VVfcTR^^wwj.         ^ 
Heading;  in  tunnelling,  a  smaU  driftway  or  p*»»*«e*xc».^*»«^^^*Aj«»»«*<A>3<»««i^V*c\*'»k 
tonne/,  but  rorniinff  part  of  It;  fnr  faclUtatVng  tY\e  wotk.. 
Headtca^;  the  clear  height  overhead.     ProRveaa. 
^eel.post;  that  on  which  a  lock  gate  lurna  oa  \W  VW«*. 
-BiUv*  i  the  handle  of  an  axe. 
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Jioie  oommonly  naed  on  the  doora  of  direUhigfl  are  ealled  bntti,  or  butt  hlagee.    SeeKje 
BisUty  kUtyed  are  ituch  m  allow  tbe  door  tu  rise  »  UtUe  wt  it  U  opened,  and  theie  caiue 
shut  lueir. 

or  hipped  roof;  one  that  slopes  foar  ways ;  tbns  forming  angles  ealled  hips. 
7;  a  temporarj  oluse  (euce  of  boards,  placed  around  a  work  in  progress,  to  exelod* 

plafss,  or  an^toni  strong  broad  plates  of  iron  rank  into  the  ground,  and  generally  sar> 
masonry ;  for  resisting  the  pull  of  the  cables  of  suspension  bridges ;  and  fbr  other  find* 
t, 

I  Mtrap.    See  Eye  and  strap. 

the  afopiug  tiuibers  wbioti  carry  the  steps  in  a  stalroase. 

1;  iu  rolling  milU.  Ac,  ttie  venioal  supporu  for  tbe  boxes  In  wbieh  the  Journals  rerolTe. 
nave ;  the  central  part  of  a  wheel,  through  whieh  the  axletree  passes,  and  from  wtiioh 
radiate. 

the  upper  part  of  a  pier  from  which  an  areh  springs. 

lump  of  dwt  nietal,  generally  somewhat  wedge  sbaped.    A  pig  of  east  iron  !■  an  tttget. 
in  inverted  arch  frequently  built  under  openings,  iu  order  to  distribute  the  imessnre  mert 
'  the  fouudation. 

■aising  instrument,  oonsisting  of  an  iron  rack,  in  eonneotion  with  a  short  stoat  timber 
orts  it,  and  worked  bv-«eg.wheels  and  a  which.  A  screw^et  is  a  large  ttivir  working 
frame,  tbe  base  of  which  serves  for  it  to  stand  on ;  and  which  is  eaus^  to  roTolve  ana 
ng  the  load  ou  top  of  it,  by  turning  a  nut,  or  otberwine. 

era,  or  eomuiou  rafters ;  small  rafters  laid  on  the  purlins  8f  a  roof,  for  supporting  th« 
iths,  Ac. 

;  a  spike  whose  sides  are  Jagged  or  notehed,  #ith  tbe  mistaken  idea  that  Its  hoMlng  power 
uuch  increased.    If  a  spil^e  or  bolt  is  firM  put  into  its  place  loosely,  and  then  has  mdtcA 
ouud  it.  tbe  jaggiug  due*  assUt;  but  not  wtien  it  is  driven  into  wood, 
he  sides  of  su  opening  through  a  wall.  &e;  as  door,  window,  and  fireplace  Jamba. 
inga;  the  facing  of  woodwork  with  which  Jambs  are  covered  and  hidden, 
opening,  often  v-sbnped.  the  inner  edges  of  which  are  for  holding  something  in  plaee. 
jetty;  a  i>ier.  mound,  or  mole  projecting  into  the  water;  as  a  wbarf>pier,  4e. 
upper  projeoting  member  or  arm  of  a  crane,  supported  by  the  stay, 
a  very  narrow  thin  saw  worked  Tertieally  by  machinery,  and  need  for  sawing  enrred 
in  bourda. 

I  Joint  like  that  at  S  or  4,  Ac,  p  294,  of  Tmisea,  for  reeelTing  the  pressure  of  a  stmt  at 
>s  or  nearly  so.  Al«o  applted  to  squared  blocks  of  stone  sometimes  inserted  between 
uasourv  to  prevent  sliding.  Ao. 

nding  Joii'td  are  girdem  for  rurtaining  eommon  Joists.  The  common  ones  are  then  ealle4 
ints.  Veiling  joistH  are  small  ones  under  roof  trusses,  or  under  girders,  and  for  sustain* 
the  plastered  ceiling. 

box;  a  fixture  upon  which  a  Journal  rests  and  roTolres,  instead  of  a  plummer-bloek. 
;  the  cylindrical  supportiog  ends  of  a  horiaontal  revolving  shaft.   Their  length  is  nsnallj 
1>^  times  their  diam.     in  lines  of  shafting  4  diams.    To  find  the  diam,  see  Qndgeoa. 
a  drill  used  for  twring  holes  in  stone  by  aid  of  blows  of  a  sledge<luimmer. 
I  small  audior. 

the  pieces  of  metnl  or  wood  which  keep  a  sliding  bolt  in  its  plaoe,  and  gnide  it  la  sU&lag;. 
8  openiug  or  narrow  silt  made  in  sawing. 

Bee  Cotter*boli. 
;  the  cent.-r  stone  of  an  arch.    ..  ^^r  <>•■--       - 
:he  bucket  used  for  raising  earth,  stone,  ftc.  firom  shafts  or  mines. 

t,  king-rod ;  tbe  center  po<!t.  vertical  piece,  or  rod.  in  a  truss ;  all  thoee  on  each  sida  of  It 
tosts,  or  queen-rods.     Frequently  called  simply  kings  and  queens. 

piece  of  metal  or  wood  bout  at  an  angle ;  to  rer^e  as  a  bracket,  or  as  a  means  ef  nnillng 
s  which  form  with  each  other  a  similar  angle, 
or  aheeting  ;  a  eu\-erlng  of  loose  plank :  as  that  plaeed  upon  eenters,  and  inpporttng  th« 

Also,  an  outer  wooden  casing  to  locomotive  boilers  and  others. 
;  the  reRting-place  at  the  end  of  a  flight  of  stairs. 
wheeL    See  Trundle. 

place  one  piece  upon  another,  with  the  edge  of  one  reaching  beyond  that  of  the  other. 
Ing;  welding  together  pieces  that  have  first  been  lapped;  in  distinotion  to  butt*welding. 
•ouounced  leed ;)  in  locomotives,  a  certain  amount  of  opening  of  the  port-valTe  liefore 
of  tbe  piston  begins.    Tbe  distance  to  which  earth  is  hauled  or  wheeled, 
a  eog-whccl  that  fiives  motion  to  the  next  one  or  follower. 
heam  ;  leading-pil ; ;  >ne  placed  as  a  guide  for  placing  others. 
u-heela;  iu  a  locoiuouve,  those  frequently  placed  in  front  of  the  driving-wheels, 
the  cogs  of  pinions. 

.  part  projecting  over  like  a  shelf;  a  rock  so  projecting.  A  narrow  strip  of  board  nailed 
r  boards,  to  hold  them  toKether.  as  in  temporary  ledge-doors. 

n  arrangement  composed  of  2  or  3  pieoes  of  metal  let  into  a  wedge-shaped  hole  in  a  bleck     . 
r  which  to  rai^e  tbe  block. 

a  scow,  raft,  or  other  vensel.  nued  for  unloading  vessels  out  from  the  shore. 
^;  a  pin  near  the  end  of  au  axle,  to  hold  the  wheel  on. 
le  of  tlio  divisions  of  a  chain :  or  a  pieoe  shaped  like  one. 

Urti;  a  device  for  regulating  the  movement  of  the  main  or  port  valve  In  a  loeemotlve. 
i  horizontal  beam  across  an  opening  in  a  wall,  as  seen  in  windows,  doors.  4c.  When  of 
and  supporting  heavy  brickwork  or  masonry.  It  ix  ealled  a  breast-summer,  or  bressummer. 
ose  common  door  looks  which  are  entirely  concealed  within  tbe  thickn^s  of  the  door,  are 
ice  locks ;  thone  which  are  screwed  against  the  face  of  a  door,  rim  locks.  It  must  be  rcmem- 
locks  are  "right  and  left."  .         ,     ,^      ,     .  .,  ^     ,.w  i. 

a  kind  of  vertical  window,  frequently  at  the  tope  of  roofs  of  depoU,  *c,  provided  with  hor- 
s,  wbieh  permit  ventilation,  and  exclude  rain. 

f  tbe  shape  of  a  rhomb;  often  called  d\amond-»bap«a.  .»jwm«*« 

wtlng,  small  prnjeorlons  from  the  general  anrtaoe.  •n^  tw  xwWa  vwv«««».  ^^^^^ 
odj :  or  for  a  flange  for  Joining  it  in  another  ;  or  tet  %  »^VV«^^«  v»^»»s*.>aNs»%*>»» 
le  wooden  hammer  used  by  iion«Qau«n. 


aLOSBAHT  OF  TBBBIS. 


AAiIiuV  AfAiMfcU*;  BH  pp  ITT  Ba4  Ml. 

MauM ;  noiteno;  %  tbraTiulni  wltb  Imiui. 

J»aai  D/ iHrfia.  or  •  lull  ilihar  nnlTlMUr  lBM<><^l>niniln)  inmnl  in  aili.  ii  m  pM 
•WHl  tr  OBllluIiill.  Uta  •  rndUuB.  SiTr«s  Uimi  Uw  ilurMi  din  rnm  We  uli  [Errnaw 
palu  ar  •lupcniilMi,  u  Ue  eui  bij  ta.1  u>  ••"^J'y'*  "fjj^'  P-"|''l"'<  "»  JuJll.  Ia«  1 1  n  m  1 1 

pnalL»  vaBiuiDppu«tUk*4Tt*lHM*MidtDI*Hnka»r^oi 

Id  TUHd,  (iB-nA  «f  ItaH  of  ft  *«<M.»  (ha  HTfBHt  to  vippaBtd  1 
HuU  ITMI.  wllak  mut  to  ued_la«aa<  af  IkaaiifUi  •(  ttop 


wraUamaf  tha  bad;  ar  uuf,  ir  tfea  laafth  ar  tba  nd  af  vfrafteaMUl 


Jbilnitf  nv«n.  DF  i/lt«^'i*.'  Ida  ualaacT  wMA  anr  load  or  I 


<fcilM;  tCi^m  ii>.)MUnii  aftap  .lira  to  ih.  fmai  rip  al  IM  irmd  oi  a  ilrii ;  otuaRr 

0fH;  4iH(ildlD|lBahfepcar  uH.  tha  aftiaa  u  a  alma. 

Or  Jftura  f  »  Has  dra*k  at  rivfai  Httlu  rroia  Ito  alia  ar  a  avTTa,  ■*<  a<tndlD|  ta  thaw 

0H(4>/irti«ApTnanuiuwl«]rM:  parTanTv  •Irtlfhi  ar  IIbI. 

r>Hj*;  a  prajHIlpc  aaD*ai  moaldlDt  ar  qumrtar  oT  rndrcl*:  vtoo  It  la«B«Tali  Itaai 

^Mmfilifv:  ahon  niacf « iaiwud  bfli-«n  (Ha  «han  whiah  ara  w  to  riralcd  ar  bollM 
AS,  arpaW.    S«  Auh«.  ""  '' 
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lope  of  a  roof.  to.    The  dlsUnoe  ftwm  center  to  oenter  of  the  teeth  of  a  eog- wheel,  or 

a  tcrew.    Boiled  tar. 

imneotiiig'rod  for  traBsmltClng  motion  from  a  prime  mover  to  machinery  at  a  dlBtanee, 

trge  mw  worked  Tertically  hy  two  men,  one  of  whom  (the  pitman;  atandii  In  a  pit. 
iwer  end  of  a  vertioal  rcrolvlng  shaft,  whether  a  pari  of  the  shaft  itself,  or  attached  to 
3e  hat;  and  both  it  and  the  step  or  socket  upon  which  it  rests  should  be  of  hard  steel, 
has  to  revolve  rapidly  and  continaonsly,  it  Is  well  to  proportion  its  diam,  so  as  not  to 
I  more  than  SdO  Ihs  per  so  inch ;  otherwise  It  will  wear  quieklv.    Dust  and  grit  shoold 
iason  be  ear«mily  guarded  against.    Pivots  which  revolve  bat  eeldom,  and  slowly,  aa 
■oad  turntable,  may  be  trusted  with  half  a  ton.  or  even  a  whole  ton  per  sq  inch.    As  s 
•iron  pivou  should  uot-be  loaded  with  more  than  half  as  moch  as  stepl  ones.    A  steel 
Ided  to  the  foot  of  its  east-iron  shaft;  or  may  be  Inserted  part  way  Into  It;  and  the 
ened  by  iron  bands  shrunk  on. 
polish  meuls  by  rubbing  with  a  hard  smooth  tool. 
lUtQt  of  maehinerv,  Ac,  necessary  for  carrying  on  any  kind  of  work. 
I;  a  small  vertical  strip  of  Iron  or  wood  nailed  along  prq)ecting  angles  In  romni,  to 
ster  at  those  parts. 
i  plain,  flat,  wide,  slightly  prqiecting  strip,  generally  for  ornament.    When  narrow,  II 

ad  of  pincers. 

square  lowest  member  of  the  base  of  a  ciriomn  or  pillar. 

« inserted  to  stop  a  hde.    BertW'plut,  a  ping  that  ii  screwed  into  a  hole. 

ileal. 

plumb-bch ;  a  weight  at  the  lower  end  of  a  string,  for  testing  vertioality. 

kind  of  solid  piston,  or  one  wlthont  a  valve. 

id  of  pointed  obisel  for  dressing  stone.    To  put  a  finish  to  masonry  by  touching  np  tlM 

aints.    To  dress  stone  with  a  point  and  mallet. 

a  longitudinal  timber  resting  on  the  ends  of  tie-beams  of  roofa ;  and  for  supporting 

common  or  jack  rafters,  when  such  are  used. 

>ening  or  passaise  controlled  by  a  valve. 

ut  on  the  first  coat  of  paint.    Priming  also  Is  when  water  passes  into  a  steam  eyllnder 
steam. 

If  parallel  straight  lines  be  Imagined  to  be  drawn  In  any  one  given  direction,  f^om 
any  surface  s.  whether  flat,  curved,  or  irregular,  then  if  all  these  lines  be  supposed  to 
or  cut  by  a  plane,  either  at  right  angles  to  their  direction,  or  obliquely,  the  figure 

OSS-section  thus  made  would  form  upon  said  plane,  is  called  the  projection  of  the  sur- 

h  lines  be  supposed  to  be  drawn  from  a  person's  face,  in  a  direction  in  troot  of  him, 

)y  a  plane  at  right  angles  to  their  direction,  their  projection  on  the  plane  would  be  the 

ice  portrait.    If  the  lines  be  drawn  »id»waif»  from  his  face,  the  projection  will  be  his 

>rnjection  of  a  globe  upon  a  flat  plane,  will  evidently  be  a  circle  if  the  plane  cuts  the 

ingles :  and  an  ellipse  if  it  cuts  them  obiiqnely.    Shadows  cast  by  the  sua  are  projec> 

Bee  Ratio, 
th  well  rammed  Into  a  trench,  fto,  to  prevent  leaking.    A  process  for  eonverting  east 
ght  by  a  puddling  furnace. 
.  mill  for  tempering  clay  for  bricks  or  pottery,  &e. 
reular  hoop  which  carries  a  belt  in  machinery. 

machinery,  a  small  short  pedestal  or  stand.    Aippet-eofve.  See  Yalves. 
s  horizontal  pieces  placed  on  rafters,  for  supporting  the  roof  covering. 
put-lorkt ;  horizontal  pieces  supporting  the  floor  of  a  seafTold;  one  end  being  ineerted 
{e«  left  for  that  purpose  in  the  masonry, 
arf. 

tiqllow  into  which  a  quoin-post  of  a  eanal  loek-gate  fits.  Stones,  nioally  dressed,  plaoed 
cal  angles  nf  buildings,  ehiefly  for  ornament. 

the  vertical  post  on  which  a  lock-gate  turns.    The  heel-post. 

ibafe ;  a  half  grnnve  along  the  edge  of  a  board,  Mo,  See  16,  p  1H,  of  Trasses,  where 
e  shown  overlapping  each  other. 

tannei  which  cnndnets  water  either  to  or  ftam  a  water-wheel :  the  first  is  a  head  raee ; 
■ace.  The  waves  produced  by  the  meeting  of  strong  opposing  currents ;  also,  m  rapid 
Ht. 

ninn ;  the  rack  is  a  straight  row  of  cogs  on  a  bar,  and  ealled  a  rack-bar ;  and  the  fflnloo 
wheel  workiuR  into  it. 
fration.    See  Center  of  gyration, 
ce  JsK-wpikc. 

one  with  teeth  or  pins  which  catch  into  the  links  <}f  a  ehala. 
orizontal  pieces  in  a  door, 
iimmer  of  a  pile-driver. 
u  {  rip  rap,  or  rough  stones  thrown  promiscuously  into  the  water,  to  form  a  fonndt' 

rse  file. 

pall ;  the  former  is  sometimes  a  straight  bar,  at  others  a  wheel :  In  either  eaae  It  fs 
teeth  between  which  the  pall  drops  and  prevents  backward  motion.    Used  for  safety 
ehinery.  to.    The  pall  is  sometimes  called  a  click, 
pie  ratio  is  a  numt)er  denoting  how  often  one  quantity  Is  contained  In  another.    Thns, 

o  10  is  JL,  or  ^ ;  and  the  ratio  of  10  to  5  is  X^,  or  2.  When,  of  four  numbers,  two 
ther  the  same  ratio  that  the  other  two  have,  the  nnmhers  are  said  to  be  M  propnrtion 
Thua,  S  has  the  same  ratio  (3)  to  A.  as  100  has  to  oO ;  therefore,  6,  8,  100,  and  60,  are 
roportlon :  or.  as  6  :  S  : :  IflO  :  50.  In  other  words,  an  tiquaUty  ofraHoalB called  pro* 
0  and  proportion  are  often  oonfonnded  with  one  another ;  but  the  error  is  one  of  no 

>7a,  w/der  at  top  than  Ut  bottom,  (tee  19.  p  «4,  ot  ^TU»»«^.^  tXvtwvi^ '•^N^  *>jw^^ 

« lanerted.  bo  that  Ite  head  shall  not  prtQeot  %\k»v«  ttin  tesvwaX  axw\'aBft%N*  «»»-^  '^ 

ned  oot ;  or  to  be  ooiintersunk. 

«  oiimlMr  Is  the  quotient  found  hv  Altldlnft  Wy  ^mt  u^tDL^Mtc. 

meti^fu    See  Alternating  inotioi&. 
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AfU  uil  h/li  >  look'MU  Id  IU  pnrvpHHliI  mill  iinliii  if  ■  jili  iirtiBlii  Inn.  ■ 
Btcuilir  b»(MtdU(M«tMra>p;  nor  B»a  ID  tb«  usi  hp  LT  R<tillEi4  M  mom  to  ifis  ri|H  b 
ufttA  ml  ta  IhB  Lvfl,  or  Tloa  vef«m  movf^iiii  ta  vlieibv  IL  If  #  rtfhl  «r  >  M^^ud  loA.  Aid  ■■  vM 
^■gjoltrtthlBM,  Mi 'g^ifWiBqf.jiiinilliiiyTliifiMwilj -tor  «**!■■  r^Uiuj.M^^  41^ 

tfHtrt^T'  BaliiAwlijDbDBlr  "Hluiif  au^Hpftrlvf  ftTaralaltoaiHbi>m>,  luludtfnrtldit 

Inaatad  aff  ^  m  hNnner.  lUniBd  rAbbI*  bu  ck*  uaoH  lii  •■»  flDunfl  nidailj  drvHwl  la  hvU  a 
wHbrnkaKfl.        _        _       „,  .  |^a„ 


■riAaul 


.  4Viai/f  wauUlacar  twaptaaaabjalHivitlUiaUH^bT  balv.  te. 
^eani;  ftitaipaloiM.  Jn  hTUDeaUan,  (kaliaaralopa^  «  diub. 
4eanar  k  naadiM  BiaMlDi  fiwabtlai  af  BHBil-alHIa  or  KDi1-elll|Ha.  «r  tlmLlbr  flcai*. 

JaeiWAflUiiijr;  sa  aalllDS  down  ■  Boar  bjr  DaUa  alaof  iha  adgF*  of  Ibatowdi,  Ihat  IM  Ml-lvil 
Jnf ;  to  wrap  iwlnB  or  jan.  fca.  aJoavl;  mod  a  npa  u  k«p  U  rraB  rqbU*|. 

n>ill  ••anliBlldtlllniia^.    TU  bUr  Dl  ■  oliluna.    AliTRaile.  •  pau 

Staiil,-  ihi  badi  Hi  a  gait  nalul'a  oC  luliaad.    Tb<  l«i(>lial|gi  (.utatBiDF  lbla(i.  aaWU 

JUhI  nrtaia  gtUninalibaeDdlaTplsiai:  aa  IIk  pnlnlai  Inn  ibaia  btiillH.    {11  wall  MM 

UH  >hhli  Iba  loiHr  ndi  al  Iras  nrnri  inaTalli  BI.  it. 
BkMS  Iha  Bdga  ar  a  bDaT4  ■■  laid  ta  Iw  ihnr  whn  LL  la  planed  parlW^lr  a(r«1|ht. 
Jkrini.    Wb#n  mn  Iran  boon  nr  baail  h  Or"!  baaiai,  and  Ihaa  at  aaca  pltopd  gnmi  Iba  IwdT  rtlA 

ItlilataqdadiaiDnMuBdHHabTlahiaroantranaaalloaali.aBdtlunCtnolaipf  (babadjBOfafrvlr- 
Jbip&dft;  Eha  Inclinad  plooa  fmn  vMaTi  aq  aroh  «T>^nni, 
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.  8Ud«'har$,  or  $Uie$;  ban  for  aajthing  to  lUde  along;  as  thoie  for  the  eress>headi  of  platoa«rodi, 
fte.    Often  called  gutdws. 

SlingB  ;  pieoes  of  rope  or  chain  to  be  put  around  itonee.  Ac,  for  railing  them  bj. 

Slip ;  the  aiding  down  of  Ui«  MMt  of  earth-oata  or  bauka.  A  long  narrow  water  apace  or  dock 
between  two  wharf- pier*. 

8lop&-w«M}  a  wall,  generally  thin  and  of  rabble  stone,  ased  to  presenre  slopes  from  the  nation  of 
water  in  the  banks  of  etuials,  rivers,  reservoirs,  Ac ;  or  fh>m  the  action  of  rain. 

JUoti  a  long  narrow  hole  cot  through  anything. 

atHie«:  a  water>chanuel  of  wood,  masonry,  Ac;  or  a  mere  trench.  The  Sow  is  usuaUy  regulated 
by  a  slnloe-gate. 

amok*-box;  in  looomotlTes,  that  spaoe  in  front  of  the  boiler,  through  which  the  smoke  paaaea  to 
the  chimney. 

8Hag ;  a  Ing  with  a  hole  through  it,  for  a  bolt. 

Socket ;  a  cavity  made  in  one  piece  for  receiving  a  projection  from,  or  the  end  of,  another  pitee;  as 
that  into  which  the  movable  leg  uf  a  pair  of  dividers  fits. 
°  So0tt  the  lower  or  underneath  surface  of  an  arch,  cornice,  window,  or  door-openiog,  tt. 

Solder;  a  compound  of  different  metaJs,  which  when  melted  is  used  for  uniting  pieces  of  metal  also 
heated.  Sofb  solder  is  a  compound  of  lead  and  tin,  and  la  osed  for  uniting  lead  or  tin.  There  are 
various  hard  solders,  such  as  spelter  suldor,  composed  of  copper  and  sine,  for  uniting  iron,  copper,  or 
brass. 

^It ;  that  lining  around  a  water>wheel  which  forms  the  bottoms  of  the  buckets. 

Spandrtl ;  the  space,  or  the  masonnr,  4c,  between  the  back  or  extrados  of  an  arch  and  the  roadway. 

Spanner;  a  kind  of  wrench,  consisting  of  a  handle  or  lever  with  a  square  eye  at  one  end  of  it ;  mudi 
used  for  tightening  up  the  nuu  upon  screw>bolts,  ke.  The  eye  flu  over  or  surrounds  the  nnU 

Spar;  a  beam ;  but  generally  applied  to  round  pieces  like  marts,  to. 

Spelter;  zinc. 

Sfiyot;  the  pin  or  stopper  of  a  faucet.    The  smaller  end  of  a  common  cast-iron  watar  or  gas  pipe. 

i^indU;  a  thio  delicate  shaft  or  axle. 

Spiajf ;  to  widen  or  flare,  like  the  Jambs  of  a  common  fireplace,  or  those  of  many  windows ;  or  Uka 
the  wing- walls  of  most  culverts. 

Splice;  to  unite  two  pieces  firmly  together. 

Spoke* ;  the  radii  of  wheels. 

Armger;  the  lowest  stone  of  an  arch. 

I^imr-wkeel ;  a  common  cog-wheel,  in  which  the  teeth  radiate  from  aoommon  cen,  like  thoseof  a  spar. 

Square-he€id ;  a  square  termination  like  that  upon  which  a  watch-key  fits  for  winding;  or  that 
apon  wl^icU  the  eye  of  the  handlcof  a  oomqwn,  grindstone  flta  for  turning  it,  Ac. 

Staging;  the  temporary  flooring  of  a  soalTold,  platform,  4c. 

Stanchion;  a  vertical  prop  or  strut. 

Standing-bolt,  or  tvid-bolt;  a  bolt  with  a  screw  cut  upon  each  end;  one  end  to  be  screwed  perma* 
nently  into  something,  and  the  other  end  to  hold  by  means  of  a  nut  something  else  that  may  be  re< 
quired  to  b<-  i-emoved  at  times. 

Stand-pipe;  a  ataod-pipe  is  sometimes  used  for  the  same  purpose  as  an  air-vessel ;  which  see.  It 
la  a  tall  pipe,  open  to  the  air  at  top ;  and  eommnnioating  freely  at  its  foot  with  the  water-pl|«.  In 
the  same  manner  as  in  an  air-vessel.    Its  top  must  br  somewhat  higher  than  that  to  which  the 

Sump  has  to  force  the  water  through  the  system  of  pipe* ;  otherwise  the  water  would  be  wasted  by 
owing  over  its  top.  The  area  of  its  transverse  sectloB  should  be  at  leaet  equal  to  that  of  the  pipe  or 
pipes  which  conduct  the  water /Vt>m  it;  but  it  la  at  times  better  to  have  it  much  larger,  as  a  stand- 
pipe  may  then  answer.  eapeoiaUy  in  a  small  town,  a*  a  reservoir,  if  the  pumping  should  cease  for  a 
f<*w  hours.  A  Rtand-pipe  should  be  cvlindrlcai,  not  eonieal ;  for  if  thick  Ice  should  form  on  top  of  the 
water  in  a  eonieal  one,  a  sudden  forcing  of  it  upward  by  Uie  pump  might  strain  the  stand-pipe  seri- 
ouslv.  There  are  four  or  five  stand-pipe*  eonneoted  with  the  Philadelphia  Water- Works.  They  are 
(with  one  exception)  cylindrical ,  from  125  to  170  ft  high  ;  5  ft  diam ;  and  made  of  riveted  boiler-imn 
^bont  H  iD<'b  thick  near  the  base,  and  aboat  H  inch  near  tlie  top.  Ther  have  no  protection  tmm  the 
weather :  nor  are  they  braced  in  any  manner :  but  retain  their  positions  by  their  own  inherent 
strength,  although  exported  at  times  to  violent  winds. 

Staple ;  a  kind  of  double  pin  in  shape  of  a  U ;  its  two  sharp  pointa  are  driven  into  timber,  and 
•nrved  part  is  left  prt^Jecting.  to  receive  a  hoop,  pin,  or  hasp,  4c. 

StarUnge ;  the  pmjeoting  up  and  down-stream  ends  or  cutwaters  of  a  bridge  pier. 

Stay;  varioufily  applied  to  props,  struts,  and  ties,  for  staying  anything  or  keeping  it  in  place. 

Stay-hoUa ;  long  bolts  placed  across  the  inside  of  a  bailer,  4c,  to  give  it  greater  strength. 

St«nm-che$t ;  the  iron  box  in  locomotiva  engines  and  ethers,  through  whieh  the  steam  is  admitted 
\o  the  cylinders. 

Steam-pipe ;  the  one  which  leads  steam  from  a  boiler  to  the  steam-chest. 

Step ;  a  caritr  in  a  pieoe  for  reetiving  the  pivotV  an  npright  vhaft ;  or  the  end  of  any  upright  piece. 

Stilee  ;  the  flat  vertical  pieoes  between  and  at  the  sides  of  the  panels  in  doers.  4c. 

Stock ;  the  eye  with  handles  for  turning  it,  in  which  the  dies  for  the  cutting  of  acrews  are  held. 

Stovt'up,  or  etoved,  or  upeet;  when  a  rod  of  iron  is  heated  at  one  end.  and  then  hammered  end- 
wise so  that  that  part  l)ecomes  of  greater  diameter  or  stouter  than  the  remainder.  The  hesds  of  bolu 
are  frequently  ma'*  -  in  one  piece  with  the  ahank  in  this  way  ;  aod  the  screw  ends  of  lone  screw-nids 
are  often  upset,  8<     lat  the  cutting  of  the  threads  of  the  screw  may  not  reduce  the  atrength  of  the  bar. 

Strap;  a  long  thin  narrow  piece  of  metal  bolted  to  two  bodies  to  hold  them  together.  A  atrsp- 
hin^e  in  a  strap  faaiened  to  a  abutter,  4c,  and  having  an  eye  or  a  pin  at  one  end  for  fitting  it  to  the 
/ther  part  of  the  hinge  which  is  attached  to  the  wail. 

Stratum  ;  a  layer,  or  bed ;  as  the  natural  ones  In  rocks.  4o. 

Strueher ;  a  brick,  or  a  block  of  masonry  laid  tengthttiee  of  a  wall.  A  frame  for  stretching  any 
)hiog  upon. 

Stretcher'cout-  ^;  a  course  of  masonry  all  of  stretchers,  without  any  headers. 

Strike;  an  imi  '  tnary  ^horixontal  line  drawn  upon  the  Inclined  face  of  a  stratum  of  recks.  Thna, 
If  the  slates  or  al  in'itlea  nn  a  roof  repreaent  inclined  atrata  of  rocks,  then  either  the  ridge  or  the  earea 
of  the  mof,  or  any  hnrisoutal  line  between  them,  will  repreaent  their  atrike.  The  inclination  is 
^lled  the  dip  of  the  atrata:  and  the  atrike  ia  always  at  right  angles  to  It  b^  ««mv*A». 

String  ;  variously  applied  to  longitudinal  pieoes. 

String  hoard;  tlte  boarding  (often  ornamented)  at  tbe  onter  enA*  nl  aVK^a  Va  %\»8KW»a«*-  V.x^»a 
the  Aonee,  ma  the  ioalioed  timbara  wbioh  earrr  th*  Mapa  M«  «».\\*<1.  _         .  «>^^  .j^w, 

»rfftff.eour»«!  « long  horizonui  eoant  Of  brlekor  ttsMttn  W*««»'>»%«'^^'^'*^*  Xxe^wA^*  '"^ 
Mad  often  iatrodaoed  tor  omaacat.  «  *  -^ 

8C.  At\  
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Mmt ;  a  prop.    A  pleoe  that  ■aBteInt  oompmtkw,  whetlicr  rertiesl  or  IncUned. 

Stntt-tU,  or  tie-Mtrut ;  a  pieoe  adapted  (o  ■oauin  both  teuiloa  and  oompreaiioD. 

8tub-»Hdf  a  bluot  end. 

Studf  a  ihort  •tout  projeotiDS  ptn.    A  prep.    The  vortleal  pieoaa  la  a  *tad  partition. 

Stud-bolt.    See  Staadiug-bolt. 

Stuj/lmgbo*}  a  ■lualt  boxing  on  the  end  of  a  iteam  eyllnder,  and  surroundiog  the  pi«toii-rod  like 
a  collar ;  or  in  other  uoaltioaa  where  a  rod  is  required  to  novo  baokward  and  forward,  or  to  revolve. 
In  an  opening  through  anv  kind  of  partition,  without  allowing  the  escape  of  steam,  air,  or  water,  fte, 
as  the  oate  may  be.  The  box  is  filled  with  greased  hemp  or  other  peeking,  which  i^  kept  pressed  eiese 
around  the  moving  rod  by  means  of  a  top*pieoe  or  kind  of  cover  called  the  gland,  which  auj  be 
screwed  down  aiore  or  lose  tightly  upon  It  at  pleasure.  The  rod  passes  through  the  gland  also.  See 
Pigs  40  of  Hydraulics,  where  6  6  is  the  gland  of  the  stuffing' box  Just  below  it  between  (  and  C ;  and  the 
■mall  circle  shows  the  cavity  for  the  packing  or  stuffing. 

Sumpt,  or  sump;  a  draining  well  Into  which  rain  or  other  water  may  be  led  by  little  ditches  tnm 
dlRreat  parti  of  a  work  to  which  it  would  do  injury. 

Surbaae ;  the  inside  horiiontal  mouldings  Just  ander  a  window-silL  Also  those  aronnd  the  top  of  a 
pedestal,  or  of  wainseotiag.  Ac. 

Skfag^,  or  twdg*;  a  kind  of  hammer,  oa  the  fsee  of  which  is  a  eemi-cylindrieal.  or  other  shaped 
groove  or  indentaUon ;  and  which,  being  held  upon  a  piece  of  hot  Irea  and  struck  by  a  heavy  haauMr, 
Maves  the  shape  of  the  indentation  upon  the  iron. 

Siettch ;  the  movable  tongue  nr  rail  by  which  a  train  Is  directed  ftwm  one  track  to  another. 

a«liotU;  devioes  for  permitting  one  piece  to  tarn  readily  in  various  directioas  upon  anothitr,  with* 
sat  danger  of  entanglement  or  separation.  At  18,  p  9w,  of  Trusses,  is  a  tightening  swivel;  ths 
oaKtors  under  the  legs  of  heavy  furniture  are  swlrelled  rollers. 

SnaMnal  axia :  in  geology,  a  valley  axis,  or  one  toward  which  the  strata  of  rocks  slope  downward 
from  opposite  directions.    The  line  of  the  gutter  in  a  valley  roof  mar  represent  such  an  axis. 

r« ;  pieces  of  metal  in  that  shape,  whether  to  serre  as  straps,  or  for  other  purposes.  So  alao  wflk 
LN.  S's,  Ws,  4-' s,  Ac.    See  flgn  to  Welded  Iron  Tubeti  p  866. 

TtckU;  a  combination  of  ropes  and  pulleys. 

T'dua ;  the  same  as  batter. 

Timp ;  to  fill  up  with  sand  or  earth,  Ac,  the  remainder  of  the  hole  in  which  the  powder  haihM 
poared  for  blaiiting  rook. 

Tip;  a  kind  of  screw  made  of  hard  steel,  and  haTlng  a  square  head  whtoh  may  be  grasped tyt 
wrench  for  tarnlag  it  around,  and  thus  forcing  it  throngh  a  hole  around  the  inside  of  which  Iteetm 
interior  screw.    To  strike  with  moderate  force.    To  make  an  opening  In  the  side  of  any  ressel. 

T-tppet;  a  pin  or  short  arm  projecting  from  a  revolving  shaft;  or  from  an  alternating  bar,  aaili^ 
tended  to  come  into  contact  with,  or  tap,  something  at  each  revolnuon  or  stroke. 

Teeth ;  or  cogs  of  wheola. 


remaer ;  to  change  the  hardness  of  metals  by  first  heating,  and  then  plunging  them  into  watar,«0| 
ko.   'To  mix  morur.  or  to  prepare  clay  for  bricks,  Ac. 

Templet:  the  oattine  of  a  moulding  or  other  article,  out  out  of  sheet  metal  or  thin  wood,testrve 
as  a  pattern  for  stoaecutters,  carpenters,  Ac. 

Tenon ;  a  projecting  tongue  fitting  into  a  correspoadtng  eavity  called  a  mortise. 

Temt  cotta;  baked  clay.    Brick  is  a  coarse  kind. 

Thimhle :  an  iron  ring  with  its  outer  face  curved  into  a  oontinuous  greoTO.  A  rope  being  doibki 
aronnd  this  and  tied,  the  thimble  act«  as  an  eye  for  It,  and  prevents  that  part  of  the  rope  from  «t•^ 
ing.   Also,  a  short  piece  of  tube  slid  over  another  piece,  or  over  a  rod,  4c,  to  strengthen  a  Joint,  Ac 

Thread ;  the  oontinuous  spiral  projection  or  worm  of  a  screw. 

Through-atone ;  a  stone  that  extends  entirely  through  a  wall. 

Throw;  the  radius,  or  distance  to  which  a  crank  "  throws  out "  Us  arm.  Applies  in  the  same  wty 
to  lathes.  Som^  use  it  to  express  the  diameter  instead  of  the  radius.  To  avoid  mistakes,  the  tsntf 
"sinale"  and  "  double"  throw  might  be  used. 

Tidee;  those  well-known  rises  and  falU  of  the  snrfaee  of  tlie  sea  and  of  aome  rivers,  eansed  Xf  the 
attraction  of  the  sun  and  mooa.  There  are  two  rises,  floods,  ois  high  tides ;  and  two  fklls,  ebba,  or  low 
tides,  every  24  hours  and  50  minutes ;  a  lunar  day ;  making  the  average  of  6  hours  12}j  minutes  bt* 
tween  high  and  low  water.  These  iutervalii  are,  however,  sul^eot  to  great  variations;  as  are  also  the 
heights  of  the  tides ;  and  this  not  only  at  difftrent  places,  bnt  at  the  same  place.  These  irregnlailtles 
are  owing  to  the  shape  of  the  coast  line,  the  depth  of  water,  winds,  and  other  causes.  rsiMll^  at  aev 
and  full  moon,  or  rather  a  day  or  two  after,  (or  twice  in  each  lunar  month,  at  intervals  of  two  weeks.) 
the  tides  rise  higher,  and  fall  lower  than  at  other  times;  and  these  are  called  epring  tides.  Also, one 
or  two  days  after  the  moon  is  in  her  q^uirtera,  twioe-in  a  lunar  month,  they  both  rise  and  fkll  less  thsa 
at  other  times ;  and  are  then  called  neap  tides.  F^om  neap  to  upring  they  rise  and  fall  more  daily; 
and  vice  versa.  The  tiiae  of  high  water  at  any  place,  is  generally  two  or  three  hours  after  the  moon  Ins 
passed  over  either  the  upper  or  lower  meridian  ;  and  is  called  the  ettahliahment  of  that  place ;  beeaosei 
when  this  time  is  established,  the  time  of  high  water  on  any  other  day  may  be  found  firom  it  In  most 
cases.  The  total  height  of  spring  tiins  is  generally  from  1^  to  2  times  as  great  aa  that  of  neaps.  The 
great  tidal  wave  is  merely  an  undulation,  unattended  by  any  enrrent.  or  progressive  motion  of  the 
particles  of  water.  Raoh  successive  high  tide  ooonrs  about  24  minutes  later  than  the  preoeding  one; 
and  so  with  the  low  tides. 

Tie  ,*  any  piece  that  sustains  tension  or  pull. 

Tightningring.    See  14,  of  Figs  21^,  of  Trusses,  p  265. 

Tightning'serew.    See  Set-screw. 

Tire ;  the  iron  ring  placed  aronnd  the  outer  circumference  of  the  felloe  of  a  wheel. 

ToggU  joint.  In  Fig  16,  of  Force  in  page  461,  suppose  a  «a  and  a  n  to  he  two  stiff  ban,  hlaited 
together  at  a.  It  is  plain  that  if  we  press  downward  at  a.  the  result  will  be  a  great  pushing  fbroe 
against  any  bodies  placed  at  the  ends  m  and  n.  Such  an  arrangement  of  two  bars  for  producing  saoh 
pressure  Is  a  toggle-joint. 

Tongue:  a  long  slightly  projecting  strip  to  be  inserted  Into  aoorreaponding  groore,  aa  ia  toofacd 
aod  grooved  floors. 
Tooling  ;  dressing  stone  by  means  ot  a  tool  aiill ma\\«t\  VYa  VxWlnc  %  ehlael  with  a  enttlag  «d|f 
or  I  to  2  inches  wide.    Tooling  Is  generaWy  done  \u  yiM'A\<J^*^V«  *««>** ^>«a\jiw*. 
TorvM;  s  projecting  aeml«clroular,  or  acmV«\\Vvuo  mou\a\sk%\  ot>«ii^8«aA.\^>i»\»m!i<«.«S«BM»«. 

It  la  the  reverse  of  a  seotia.  .  .  _.  wv\-»  *,v«  a^«\...  .^^\. 

failing-wheels  f  in  a  loonraotlTe,lhoi»aom«tVmM^\«ca&.>«>^^^«»«»^'^'«^V'«>«^^ 
T^atn;  a  number  of  eoic- wheels  workVns  Itito  •aft^i o«i«.^^^^^ ^^^^  ^^  ^^^  ^^  - 
XVamway;  anj  two  amooth  parallel  traclt*  upounYAcY^^^^w^a^^tfwX^aJa^^^^^JTia.  naT 
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t^t  wtwdn  bulBC  rHmJM  >  OAtvr  ertuUFl^ 

■IriinwiuDDd^^ifMiainiiv  onuiniewi. u DDob nan Fiai  U»  ^mIo*: ii^ikw 

ina  ml  nalaulHl  k  ibinllHaHiIWta  loTlLsriMn.'iKndlMUikaanunial 
i])<a>''>m>(Uianalii  imrk.    b  rock.  lU  bHdlail>|nilt>1i'V  WHVd  rta  liaal. 


ad  ilH,  M  DiiAaiiiliUf  iM  lua,^  IHU^  IIUL*  Im  HHlTibi  MiM  3S>™lba 
1  mil  ■•  aruig  tuiiU.  !•■■>  t*  vnOillF  prrn'M  ftm  utIu  Is  Mt«  Ibi  llglif  ti 
Ihb  !•  dona  if  BMUi  dT  nwi  tf  twtlHl  th^  UbIh  prsn  ul  biriiHU]  anxvanr- 
.  bMnai  wUak  aM  tha  tvtt  nalll  tTia  anpUnd  id  Ibn  uspaiaRinHHluiWu 
■atkaamaallMI.  TM  Ha|a  nfoiia  an  ^aal  IM  |  aa<  Ika  EaiA  anAnlrlm 
tbiBuidlbatHHiaaildcaSlkinDnitLM.  TbaaaaitfndaalljnHiitlailtaU^ 
naid.  TM  Ualai,  nbn  ar  btM,  U  oanalh  Ikaa  1  ulMala  Akt  III  la  M  laaknlil 
I  rno  1H  IV  IM  Mllu  tkM  attl«l  ail  sbaa  af  nnh  nAbla  !■  naiMt.  alaiil  kaK 
Ut.    lllalnvnaHtlialtliBMDtoaf  ataMaahouMlnaravecllntbaFdnalllj.aadlaM 

iltlH  Hi  lialln  Ika  laim  ara  T^mt,  a»  htHM  ar  »U|  Miini  It  an*  tkt  HHk 
Hihllj  aKi  BBViHIIj  IIM  ap.  Kna  hi  ml,  If  matk  KuuKd.  nr  IT  lai  a)  tuaMa 
'<ranrTtblai.BBdnircanarilHntim>>Ulk.>koiM  sal  b>  IM  Aam  ikHI  l(  fHt 
natklriki  av  a  <iaM»traak  naa.  lau  Una  n  11  wMi.  tj  MR  bilk;  aaUaa  ta  IM  laU 
uaHal  b  Ilia  mk,  la  •Mok  akM  anh  li  aa>  aaeainTTlbr  llalni.  Tk>  »»( iiajlltll 
itHr,  u  that  a  hdibt  ol  al  ft  Bar  aaiwar.  Win  lara  if  10  ft  HtroM  nldUi.  ita  iMiti 
arl  majlarsliiiHUUn;  arwllk  *  ft  aan.  utl  R.  Hani  baif  kn-a  iiida  11  ft. 
Cagb  la  » It  •Ua.  kr  n  blah.  Tka  ralaof  ilall;  tmrrt^  Irtm  nrk  laca  ot  •  idiikI 
ilBlHksufdirKf  kankpRMkiHn.  allk  Ihna  ral^i  •(  nrkkini.    Oa  thtHaat 

ia»ianim«  air;  aliaaairti  IkW  —a  »ia>«T«i  aaly  la  tka  knaJlim.  wbkh  wtn  II  It  >Ua 
L  OrdlQVlLy.rniralM  lain  mar  kaukcB  u  avarajta.  Ttif  A\V*rfan  cT  rair  ar  an. 
laaaalavlaaadaititbHiDaak  tanatlilaaot  ■DicnaiaanVi04>nn^^M>^\'va»«w«^u 
M  aap  ba  matpUytA  an  tha  wWir  aaa.    U  l^  t^huWa  \a  aaf<te.  \^  w»^av;^^*^^^ 
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Mid  roof  are  roogh  aa  blastied,  the  width  and  height  thoold  eaeh  be  eetimaled  to  the  eoDtraelor  u 
about  18  in«  or  'i  ft  greater  than  the  eatabli«hed  clear  onee.  At  anj  rate,  the  mode  of  ueaaanaMit 
ahoald  be  eiearlj  itated  in  the  ■peoiflcatioDS  for  the  work.  When  a  tonne!  ie  laade  with  a  aaifora 
grade,  the  work  geuerally  progre-ises  la  a  more  aatlsfaotory  manner  ftt>m  the  lower  end,  beeauae  the 
aeaeent  favor*  the  drainage  of  the  apring  water  that  ia  uauallj  met  with  ;  wheraaa,  at  the  apper  ead, 
it  muat  be  removed  bj  pumpa  or  bj  bailing.  The  upper  end  haa,  however,  Uie  advantage  w  aooaer 
getting  rid  of  the  ' .  loke  in  blasting.  Before  oommenoing  a  tunnel,  or  even  deciding  upon  one,  trial 
•hafta  should  be  auuk  to  aaoertaio  the  nature  of  the  material.  In  long  onee.  the  greatest  eare  aad 
aoouracj  are  necexdary  for  preoervlng  the  line  of  dlreotion,  lo  that  the  work  trom  both  ends  Aatl 
meet  properly  at  the  oeoter.  The  coat  of  a  single-traek  tunnel,  when  oommon  labor  is  91  per  day, 
will  generally  range  between  $30  and  $75  per  foot  of  length.  Our  limits  prevent  onr  saying  mora  ea 
thia  important  subject,  whioh  of  itMlf  would  require  a  volume. 

TtirnhudUe ;  variously  applied,  as  to  the  ordinary  fastenings  at  the  outer  faoe  of  a  wall.  ft>r  bald' 
ing  window*shutters  back  when  opened :  also,  to  the  tightening  swivel  at  13,  page  t8S,  of  Trasses,  ta. 

T*r$MtU ;  a  kind  of  aiding,  or  short  pleoe  of  track,  for  permitting  railroad  trains  to  pav  eaek  eth« 
on  a  single>traok  road. 

Turntable;  the  well-known  arrangement  for  taming  locomotive*  at  rest.    See  page  iSS. 

Undermine  ;  to  excavate  beneath  anything. 

Underpin;  to  add  to  the  height  of  a  wall  already  eonstrncted,  by  exeavaUnc  and  building  btaeatk 
ft.    Also,  to  Introduce  additional  support  of  any  kind  beneath  anything  already  completed. 

UiM9t.    See  -Stove-np. 

Viilvet ;  various  devices  for  permitting  or  stopping  at  pleasure  the  flow  of  water,  steam,  gas,  *& 
A  BAFBTT  VALVB  is  ooe  SO  balanced  as  to  open  of  itself  when  the  presaure  becomes  too  great  for 
safety.  A  sudb  valvk  la  one  that  slides  backward  and  forward  over  the  opening  through  which  tka 
flow  takes  place.  A  ball  valvb,  or  spherical  valve,  is  a  sphere,  which  in  any  position  fits  the  opco' 
ing.  When  the  pressure  below  it  raises  it  oCT  ft-om  its  seat,  it  is  prevented  from  rolling  avaj  \ij 
means  of  a  kind  of  open  oa^og  which  surrounds  it.  A  conical  or  puppxt  valvb  is  a  horiiontal  tliee 
of  a  oone,  which  fits  into  a  oorrenponding  conical  seat  made  in  the  opening.  In  rising  and  falliocit 
ia  kept  In  position  by  a  veriical  valve-atem  or  spindle,  which  passes  through  its  center,  and  whkh 
plays  through  guide  holes  in  bridge^pleoea  placed  above  and  below  the  valve.  A  tbap.  clack,  vlap. 
or  doob  valvb,  is  a  plate  with  hinges  like  a  door.  When  two  such  valves  are  uaed.  with  their  hin|(d 
e<igea  ailjacent  to  each  other,  ao  that  in  opening  and  abutting  they  flap  like  the  wings  of  a  butterlj, 
they  constitute  a  butterfly  valve.  A  thbottlb  valvb  is  one  which  when  closed  forms  a  partitiMi 
across  a  pipe ;  and  opens  by  partially  revolving  upon  an  axis  placed  along  its  diameter.  A  wtntax 
VALVB  works  like  a  common  stopcock.  A  hmiptiko  valvb  Ik  one  which  lets  out  steam  under  water ;  and 
is  ao  oalle<i  from  the  sniftlog  noiMe  thereby  produced.  The  pukt  valvb  is  the  sliding  one  whIoh  ad* 
mits  steam  from  the  steam>chest  into  the  cylinders.  A  poublb  bbat,  or  doublb  bbat  valvb  is  s  pe 
eullar  one  with  two  seats,  one  above  the  other  :  and  so  arranged  that  the  presaure  of  steam  or  water 
ag.-tinst  it  when  shut,  does  not  oppose  ita  being  opened.  A  cup  valvb  is  in  shape  of  an  inverttd 
cylindrical  cup,  with  a  length  somewhat  greater  than  iu  diameter.  Ita  lower  or  open  edge  iagrssnd 
to  fit  the  aeat  over  which  it  rests.  As  this  cup  rises  and  falU,  it  is  kept  in  place  by  a  oyllDdriesl 
eaging  closed  at  top,  and  having  for  its  sides  four  or  more  vertical  pieces,  against  the  inner  sides  of 
which  the  sides  of  the  cup  play.  A  chkck  valvb  Is  ftny  kind  so  placed  an  t»  check  or  preveatikt 
return  of  the  fluid  after  \u  passage  through  the  valve  into  the  pipe  or  vessel  beyond  it. 

VnuU ;  an  arch  Inn;  in  comparison  with  Its  span.     The  space  covered  by  such  an  arch. 

Veneer;  a  very  thin  sheet  of  ornamental  wood  glued  over  a  more  common  variety. 

Walntcot;  a  wooden  facing  to  walls  In  rooms,  instead  of  plaster,  or  over  a  facing  of  plaster ;  BSoaSy 
not  more  than  3  or  4  feet  high  above  the  floor. 

Wide*:  long  longitudinal  timbers  In  the  sides  of  a  ship.  coflSer-dam,  caisson.  Ao. 

W'Ulaw;  a  water-wheel.  Ac,  la  said  to  wallow  when  it  does,  not  revolve  evenly  on  its  Jonmals. 

Willower.    See  Trundle. 

WaU'plate,  or  ralting-plate ;  a  timber  laid  along  the  tops  of  walls  for  the  roof  trusae*  or  rafters  ts 
rest  on.  so  ai  to  distribute  their  weight  more  equuly  upon  the  wall. 

Warped;  twisted,  as  a  hoard,  or  the  faee  of  a  stone,  Ao,  which  is  not  perfectly  flat.  To  warp;  <• 
haul  a  vesiel  ahead  by  means  of  an  anchor  dropped  some  distance  ahead.  To  flood  an  extant  of 
grnoad  with  water  for  a  short  time  to  increase  ita  fertility. 

WoMhboardt ;  boards  nailed  around  the  walls  of  rooms  at  the  flooK  so  as  to  prevent  injury  to  th« 
plaster  when  washing  the  floors. 

Weuhera ;  broad  pieces  of  metal  surrounding  a  bolt,  and  plaoed  between  the  faces  of  tl>e  timber 
through  which  the  bolt  passes,  and  the  head  and  nut  of  the  holt,  so  as  to  distribute  the  pressure  otct 
a  larger  surface,  and  prevent  the  timber  from  being  crushed  when  the  bolt  is  tightlv  aorewed  ep. 

Waate-weir;  an  overfall  provided  along  a  canal,  Ac,  at  which  the  water  may  discharge  itself  il 
ease  of  becoming  too  high  by  rain,  Ao.    Sometimes  called  a  tumbling-bay. 

Water-ehed;  the  sloping  ground  from  which  rain-water  descends  into  a  stream. 

Water-table;  a  Rllght  prfljeotioo  of  the  lower  masonry  or  brickwork  on  the  outside  of  a  wall.  n4 
reaching  to  a  few  feet  above  the  ground  surface,  as  a  partial  protection  against  rain,  or  as  ornaBesk 

Wijfa;  the  inclined  timbers  along  which  a  vessel  glides  when  being  launched. 

We  tther-boardi :  boards  u<ed  Instead  of  bricks  or  masonry  for  the  outaides  of  a  building,  or  brM|K 
Ac.  They  are  nailed  to  vertical  and  inclined  indoor  timbers:  and  may  he  either  vertical  or  b«r. 
When  hor,  thev  are  so  plaoed  that  the  lower  edge  of  one  overlaps  the  upper  edge  of  the  one  liela*. 
When  vert,  their  eda;es  should  be  tongued  and  grooved ;  and  narrow  slips  be  nailed  over  the  vert  JoIbHi 
to  keep  out  rain,  Ac. 

Weir,  or  wler;  a  dam.  or  an  overfall. 

Weld;  to  join  two  pieces  of  metal  together  by  first  softening  them  by  lieat,  and  then  hammeriif 
them  in  contact  with  each  other.     In  this  operation  fluxes  are  used. 

Wharf;  a  level  space  upon  which  vessels  lying  along  its  sides  can  discharge  their  oargoes ;  or  tnm 
which  it  can  receive  them. 

Wkeel-bate;  the  distance  from  center  to  center  from  the  extreme  fh>nt  wheels,  to  the  extivme  hia< 
ones  /n  a  locomotive,  oar,  Ac. 

Wicket  /  a  smal  I  door  or  gate  made  In  a  largeT  one ;  aa  Vh«  aYnVAft  «« '<i«\^«  \ti  a  look-gate,  for  letttai 
out  the  water. 

ff^nck  ;  s  bangle  bent  at  right  anglM.  au&  uaeA  tox  VaxuVu«  au  »j\*\  >S».X  «A  *. camoaMa  vesnAaAwa. 

^nd'ere  /those  steps  "often  trianguXM'i  \n  »  »UiT«a»«\»7  ;r^'^'*^,D?5^™«^^iS?^>^vW 
mntUass;  th9  wheel  aad  axle,  or  wluo\k  mi4  Atunx,  »*  olwtii  iM(e^\ii««»ms».-«^»a.    ka«*sV>i« 
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loatal  ihaft  oa  sbipboard.  by  whieh  the  mnohor  li  imited;  the  windlaM  beiag  revolved  by  meaaa  of 
wooden  lever*  cmlled  handipike: 

Wing-dam ;  a  prqjeotton  carried  out  part  way  aoroM  a  iballow  ttream,  lo  aa  to  force  all  the  watei 
to  flow  deeper  through  the  obannel  tbui  eontraoted. 

Winas ;  applied  in  manj  wajs  to  projeettoni.  The  flancee  which  radiate  out  ftom  a  gudgeon :  and 
bj  which  it  u  fastened  to  the  shaft.  Small  buildings  projecting  fh>ni  a  main  one.  The  wbigi  ec 
flaring  wing- walls  of  a  culvert  or  bridge. 

Wing'toaUt;  the  retaining- walls  which  flare  out  fh>m  the  ends  of  bridges,  culverts,  Ac. 

Wip*r.    See'  Csmb. 

Worktng-h«am.  or  waUclng-hetun ;  a  beam  vlbrMhiK  ywvaaOs  on  a  rook-shaft  at  its  center,  as  seen 
In  some  steam-engines ;  one  end  of  it  baring  a  oenneetion  iflth  the  piston-rod ;  and  the  other  end  with 
a  crank,  or  witbr^  pump-rod,  Ac 

Worm;  the  so-called  endless  screw,  which  by  revolving  without  advancing  gives  motloa  to  a  eeg< 
wheel  (worm-wheel),  the  teeth  of  which  catch  iq  the  thread  of  the  screw. 

W^mtk  f  a  Icing  handle  having  at  one  e«d  i^^  eye  or  Jaw  which  may  catch  bold  of  anykbiag  fef  be 
twisted  or  tamed  around,  as  a  screw-nut,  Ac.  When  it  has  a  Jaw  which  by  means  w  a  Mrew  If 
adaptable  to  nuts,  Ac,  of  dlfSsrent  sisee,  it  is  a  monkey- wrench,  or  screw-wrench. 

8C2 
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P.  S9,  near  bottom ;  before  Rem  1.    To  iltid  the  area  of  a  olff«alMP 

■Cprmenf.  If  the  height,  db,  exceeds  ta^tlf  Uie  diam  of  the  circle,  the  qnotiMt 
wiuezeeed  .5 ;  and  will  not  be  foaod  in  the  table.  In  Raeh  easea,  eabtract  tbe  heislit  from  ue  dbim: 
and  lue  the  remainder  as  the  height.  Then  find  the  area  of  a  Mgnient  having  thu  new  hidght;  Mi 
■ttbtraet  it  from  the  area  of  the  entire  oirole.    The  x^m  will  plainlj  be  tbe  req[d  area. 


P.  S2  $  just  above  Circular  Rings. 
When  a  fa  exceeds  cm,  for  the  aolltf  l|^ 

of  the  angula  dnmba,  flud  the  eabe  of  «k,  er  tf 
ad,  and  take  %  of  it,  which  call  p.  Molt  the  aim 
of  the  base  admb  bj  ae.  Add  tbe  prod  toj*.  Mik 
the  sum  bj  tbe  height  mn.    Divide  bj  aaa. 

And  for  the  area  of  the  eoavex 

surface,  mult  the  diam  y  m  by  a  b  or  bv 
ad.  Call  tbe  prod  p.  Take  ad  ftam  am.  Mut 
the  rem  bj  the  length  of  the  are  d  m  &.    Add  the 

Erod  to  j>.    Call  the  sum  s.    Divide  (1m  height  ma 
jam.    Mult  the  qnot  by  e. 


P.  34.    For  the  solidity  of  sitcli  eylindrie  aniralas  as  at  the  ttb 

tg  on  page  34,  use  the  prismoidal  rule  given  near  the  foot  of  page  33. 

P.S12.  Cost  ofastalarfiielnflr  masonry.  If  the  stone  be  sandstoae 

with  good  natural  beds,  the  getting  oui  may  be  put  at  $3.00  per  cable  yard.  Face  dressing  at  a  en 
per  sq  ft :  say  $3.64  per  cubic  yd.  Beds  and  joints  IS  cts  per  sq  ft :  saj  $6.T6  per  cob  yd.  The  Mtt 
eost,  laid,  $17.00,  Instead  of  the  $21.86  per  cub  yd  for  granite ;  and  the  total  cost,  $19.63,  instead  of  tbs 

$25.14  for  granite.  And  the  total  cost  of  iarice  well  scabbled  ranfrHI 
sandstone  masonry  in  mortar,  may  be  taken  at  about  $10  per  cub  jd, 

at  the  wages  on  p  312. 


Embankment,  starinkaffe  of. 

Although  earth,  when  first  dug,  «nd  loosely  thrown  out,  twelU  abont  4  Part,  lo  that  a  eabyda 
place  averages  about  1^  or  1.2  cub  yds  when  dug;  or  1  cnb  yd  dug  is  equal  to  ^,  or  to  .8333  of  a eeb 

Id  in  place :  yet  when  made  Into  embankment  it  gradaally  subsides,  settles,  or  shrinke,  into  a  toM 
ttik  than  It  occupied  before  being  dug. 

The  following  are  approximate  averages  of  the  shrinkage;  or,  in  other  words,  the  earth  meaiwrw 
in  plaoe  in  a  cut,  will,  when  made  into  embankment,  occupy  a  bulk  lees  than  before  bj  aboattbl 
following  proportions : 

Gravel  or  sand about  8  per  ct;  or  1- in  IS^  less. 

Clay "     10  per  ct;  or  1  in  10     less. 

Loam *'     12  per  ct;  or  1  in    8>^  less. 

Loose  vegetable  surface  soil ,     "     15  per  ct :  or  1  in   6)^  less. 
Puddledclay "     25  per  qt ;  or  1  in    4     less. 

The  writer  thinks,  from  some  trials  of  bis  own,  that  I  cnb  yd  of  any  hard  rook  in  plaoe,  will  mat* 

from  IH  to  1>^  cob  vds  of  embankment;  say  on  an  average  1.7  cnb  yds.    Or  that  1  onb  yd  of  reak 

embaakment  requires  .5882  nf  a  cub  yd  in  p'laee.    He  found  that  a  solid  enb  yd  when  hroken  tM* 

fngmenta,  made  about  1.9  cub  yds  of  loose  heap ;  •  1  Ji  yds  carelessly  piled ;  t  and  1.6  yds  eareftfly 

pUed.t    Or  Hi  cub  yds  of  very  carelessly  soabb\e4  TUbYAe-,  J^  or  IK  jds  of  somewhat  oarefUIy  i     "" 

blett.ll    Seep  504.  

■  ■  '  ' 

•  Solid  part  .Sift;  ^o\As  .«\  ot  X\ia  MiV\t*\wi\k. 
t      '»      "      .510 ;      "      .*3fii      "       '*        "^^ 

,     u     ..    .«»;    •;^   .m    -^    -,     *:, 
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SdisU  bnlldtan  eoat  more  per  cob  n  thui  Inrn  onn  or  Itaa 
miib.    Alto  iHlnHd  or  D-lVHr  bsUOlnii.  ntil  DlDn  ibu  Ibon  nklob  biTs  i-d  pinr-nlli. 

In  Phllad*  dwellluCB  uf  briuk,  ttiis  uuptutr;  >Dd  Jgmbsc  uuall] 
nit>  ■bum  m-narLb  ac  dii  iKUn  bitlcUiv. 

P  S«7.    Tbe  Blennm  iinieeMi  u  ippliHl  mt  ihg  Sgntb  SI  Ivilgs,  Fh<lH 

m™"™*;.^;  ""o'Ja';  ^°J2S'S.°*  "h^'^;i''.'.m?iS^''.ddcy=^.'r  hi.'^L'J"  ■--■"■ 

luniilliic  U»  emit  irud  cyirndara.  In  ths  bolil  uf  uusuf  tlio  lioita  tnuiB 
Uiiii|>rea«ir  ImvLng  two  pisioiu  of  10  [nn  diBm,  and  9  Ins  iirufa ;  tui 

nfiloDi,  br  iftdkm.imdearaDiirLcrlqakbtrilDrfrw.  Ttli  wrrefl  la  niBlDb^ii  ■<■ 
pmHdilrlDlbanbiHrfsd  aTliadar  In  oue  oTbd  ■eddsDUl  ■li>p;4Df  or  ttri  oHipr 
oibHwlH  WAoU  t)nh«bl5  ba  fma  H  Iba  labonrt  m  U4  djlLHUr.  TbH  oowlcDfed  ilr 
uiUa]r-UDhuibffllr'laiikiaflbv4;UDd«lhroD|bii  biHtlludLBB.  bade  cf  sdiii  ■■■ 

KUBdiliuliiii  u  U1  IliiiB.  iDUnilFUiwbMbtnHi,  ud  uniH  iDi  lunriil  bini 
tnndfd  two  hnTrnaoden  cIlMMpa.  ciw:h  3  ftwida  hy  19  toi  )ilgb;  met 
oC  Am  pbm  or  II X  18  lub  Umlni  ilroBUf  bolud  unibR.    At  Ibg  anlen  or  Iben 

two  atpfni  Iran  nria,  bHlag  tfrtWI  kDd  Data  dl  tbdir  dodl  for  tLsL  pBrwH.     T^oa  vhn  d  M 
-' "--^vr  vu  bdikldd  tl5  omd*  M  EbB  Ibadn  Idld  lU  pHKLira  B'v  Iba  ■pboh  b«l*«dB  tM 


torrwvdBp,  IbnOddtirirudradr  ba|d  Lh  pIBaa  brIAa  DbmiM,  TT»  >bp>rg  owU  tbav  he  v* 
nlaeaMUarmnkBiibrtltaajllddarHlLapLmuBiibibBBniwia.  thai  tba  t>a  mlfbt  ta  lioltd 
■itl»r-  BiH|MlaiU]iiiMinH>tba  baliktariba  mllndic  mid  Hxa  b««Bal»  inH  ta  dl 
lUrinn  IB  plBOD  UDlbic  aadUdD  upan  li ;  In  *bliiD  hub  iba  iiili  il  ibi  «>»•■  iwa  alU 

™ier™°  Wry  c»[  Iron  dlaphnvnTi^  Inohn  tbfok.  lo'to™'lln  toot oF  iriS 
d<^4BA.  'Bi  iban  pliad  cd  Idti.  TUn  wudddad  wiMbir  10  n  dVonUn  araraylladw,  WtKrA 
ibBebdMbarsriBdalrlikdE,    tUMWira  ballad  Untkiri  add  Ibn  Biialbir  dlapbiiidi 'ai  nldB* 


riTT.    )I(KlalBua*f  ElM^l^ln  Iknper  ■■  Ib^    rsr  ihi 

iBl  OH*  u  ksD*  Uii  uut  d«iH  IS  wSth  bia  HUtrliU  an  la«£tnd  HikHtmd  bj  iuirMi 
lu  du  limit  Dt  BuatUli.  TliU  lliiU  mi  onHBHllibii  oMi  uk«  u  iton  •H-i>M<riH 
naUnf  aulHiItuitU(l>Hii>il  puMlTrtslU.  Ihli  li  loH  ■■  «r  Ui  nloB*.  U  h.  In. 
Rf,  bD(»  ulAnbla  ■rpnrtmalhn     TfcM  !■  riMPB  todMbtthgMBM-Hy  of  MMj*fthalB—il 


oI»I^.^^^^"i^^^^"'""II^iiiiiliiII-^         1  MO  000  :i»  '.m        - 

riu,>hii«nrjuViiw"..".*.*.*'.'."^""^i^        1  mo  mo  .un  'iw  noii 


P  tm.    Friction  of  H>dr>iille  Prc—eM.     Cvnfiit  eiinriineiili  tj 
Mr.  Jakn  Hlct.  C.  E.,  EBiUgd.  >hii>  lUl  Jh  U  liii<*|«ndii»  k«b  oT  Uii  irlilili  of  lb*  liulnr  nllu. 

'^ole.  "uuii  tU«  dikm  of  th«  nun  In  lochca  bf  SI.    Dlild*  ibe  toUl  pnnn 
KxMBpi^.°lii  ™niH  or^lS  h]i  dlim  IhB  total  prcHDn  !•  SSOOOOlli*;  bo« 


,iiai«,jj,;lll.*,f,,lll«,^i»ta*^_[ 
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AbraaUm  bg  ttreama,  BBS.  5T0. 
jtliHtmentu,  to  proportten,  346, 

AtKtArr^Hot*  af  grnfity,  U0,  G67- 
jtcr^s  r?qDtnd  per  m^Je  for  A  R,  080. 

drained  by  |ii[Hi,  W». 
JteHoH  idd  nsction,  4H. 

jitiMstoH  Df  Will  wid  ipika^  aai. 


.tfllolh,  (aOr.)  ino.    AlHoailan,  72. 
.^fiffln  nf  (trjteetion,  Ac.  US. 

.4-ffle,«t.ri(.r.i«ltiilerior.«2. 


llmlllDK  of  nnHMBCB,  iST. 
b]«ki  of  Howe  iru»,  !89. 

to  sou  bf  iWItBDI,  41,     B;r  buid,e 

Anffulor  TvlDcEty,  44T 
Anttniit  power,  605, 
Aittltraeitr,  wl  oC,  IB,  aSi. 
Apnlfufeariei'  weight,  74, 
AppoHMie,  630. 
AppHeoHm,  point  of,  UT. 
^fumrHet,  •uipeaiJoD  Hi  PIttebutg,  M 


AroKa,  cut-Iron.  BeTcmTilleyRIl,  289. 
oil-iron.  Obnlnnt  fit  bridgB.  3a%. 

■•      "     Wbipplo'e,  sua, 
ofcoiTugnted  Iron,  371. 


■'       -       ••     Ublei  of.  343,  3(4. 
Wdodeo.  rule  for,  W)I 
AnlmtoHet,  to  Hod  doiiih  of,  341. 

.rfrm.drenlir;  tiib'lei  of  lenglh, 21, M. 
hnrlDg  Hid  and  tlw>.  lo  llnd  ipu 


.IptJJIatai  itone,  iOB, 

..liAlor  muonry,  oat  of,  312,  930. 

AtwMUtphtrti,  619. 

-^nolrdupo^  nr  ootnnieTclk]  vL,  74, 

Jtoff^tCoop,  or  b40.^pooD,  331>, 

B>i<riH(7  by  biickul,  lUy'e  work  ■!,  GM 

Snlla,  weight  of.  37T, 

flnKairt  for  mllroade,  414. 

BaUaon,  principle  of.  633. 

Barometer,  lerelllng  by,  Ifll. 

lerelllng,  Mblee  For.  18B.  171,  ITl. 
ncanie,  box,  F&irbBlrn'i,  S14. 21T. 

Cooper  A  Hewltt'e,  213,  Hi. 

Hodgkinion'e,  208.    Plots,  214. 

PhEenli,  IDS, '^0.    Ae  plllui,  SBT. 
"       uefaortbridgH,  S04, 

cyllodrlca],  IBS,  \W. 
Deck,  211. 
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Meams,  strength  of,  183,  &c 

**       of  some  experimental 
beams,  209. 

constants  for  breaking  loads,  l^. 

general    facts   respecting  8tr«aigtha 
of,  186. 

to  find  center  breaking  load,  186. 

«    "    uniform     "  "     187. 

**    "    breaking  load  at  any  point,  188. 

**    "    the  breadth  of  a  beam,  189. 

«    "    the  depth       «        «      180. 

**    **    safe  dimensions,  190. 

tables  of  breaking  loads,  200,  207. 

table  of  safe  loads,  191. 
"     of  constants  for   safe   deflec- 
tions, 199. 

table  of  loads  not  to  bend  more  than 
^1^  of  the  span,  204,  205. 

limit  of  elasticity,  197. 
loads  within  elastic  limit,  185, 198. 
deflections  of,  186, 196. 
deflections  of  ^^  of  the  span,  201. 
examined  on  the  principle  of  the 

lever,  477. 
to  splice,  291. 
parts  may  be  cnt  away  without  loss 

of  strength,  187. 
exposed  to  both  transverse  and  lon- 
gitudinal strains,  190. 
SeU-Joints  or  faucets  of  pipes,  574. 
Sends  in  water-pipes,  effects  of,  539, 548. 
Beton,  503. 
Betinif  Ooignet^s,  508. 

modes  of  using  under  water,  507. 
Board  meeuure,  table  of,  357. 
Boats,  canal,  cost  of,  604. 
Body,  defined,  404. 
Bodies,  mass  of,  456.    Falling ,  587. 

regular,  tlie  solidities,  Ac,  of,  38. 
BoUing  water  to  meas  hts  by,  170. 
BoUman  truss,  266,  281,  282. 
Bolts  and  nuts,  374. 

strength  of,  upset  and  not  upset,  376. 
copper,  376. 
Booth's  steel-headed  rail,  415. 
^orroir-2>ff«,to  measure  befurehand,30. 
Bottoms  to  bear  diflf  vela,  663,  570. 
JBotcstHug  truss,  28C. 
-Biaa?  beams,  Fairl>airn's,  214. 

drains,  355.     Box-sextant,  16a. 
^driiiQ  in  soils  by  augur,  313. 


Braeing,  horiBoiital  diagonal,  291,801 
Brass,  rolled,  weight  of;  376u 

sheets,  weight  of;  307. 

wire,         •*        "   368. 
Brieks,  crushing  strength,  175, 498. 

and  mortar,  M6. 

proportions  of  brick  and  mortar,  Ai 

number  in  a  aq  ft  of  wall,  '486. 

paving  with,  4M. 

prices  in  Philada,  488. 

to  render  impervioai  to  WBitar,  Ml 

weight  of;  W4, 40a. 

Snglish  rod  of;  400. 
Briekdust  mortar,  500. 
Brtektaying,  a  day's  work  at,  4ML 
Bridges,  archea  of  existing,  84S. 

Bollman,  266, 281. 

Burr,  289.    Bowstring,  286. 

camber,  302.    Deflections,  298. 

cast-iron  arches,  288. 

Chestnut  St,  Philada,  288. 

stone,  drainage  of  roadways  oi,  SSflL 

depth  of  archstones,  341,  S45. 

floor  girders,  215, 201,  296. 

greatest  load  on,  297. 

Fink,  261, 280, 282,  296,  905. 

Howe,  283,  284. 

TAttice,  285. 

Moselejr,  289. 

Pratt,  284,  285. 

Town,  28ft. 

stone,  341.    Iron,  cost  of;  900. 

suspension,  588. 

to  proportion  stone  abatments,  3|& 

spandrel  walls  of,  346. 

cub  yds  of  masonry  in ;  tables,  351, 
353,  354. 

raising  of,  309. 

weight  of,  295. 

swing,  strains  on,  271. 

turning,  friction  rollers  for,  431. 

Whipple's  cast-iron,  N.  York.,  288. 

width  &  headway,  288, 306,  307. 
British  imperial  measures,  77. 

foot,  73,  74,  79.    Brokerage,  7X 
Branlee^s  iron  piles,  325. 
Bubblemglass,  to  replace,  162L 
BtiUdings,  cost  per  cnb  ft,  631. 

Biittresaea,  ^^<tf^. . 
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Cables,  suapeuaion,  588,  Ac.  No.  of 

wires  in,  300. 
Caiss&ns,  316b 

for  East  BlTer  rasp,  bridgv,  828. 
Camber  of  trasses,  802. 

of  draw-bridges,  304, 
Uandis,  traction  on,  001.  Boats,  cost,  604. 

leakage  of,  62L    Flow  in,  664. 
Care,  weight  of,  413.    Axles,  414. 
Cart,  weight  of;  436,  608. 
Caetinge,  to  Jndge  the  wt  of  by  the  pat- 
terns, 362. 
OaeiHron,  wt  of,  362;  pipes,  868, 364. 
CeUinge,  weight  o^  848. 
Ciim«nt,  hydranlic,  600.    Cost,  500. 

adhesion  of,  606. 

brickdnst,  600.    Boulogne,  600. 

effect  of  freeaing  on,  499. 
_  mode  of  testing,  607. 

mortar,  602,  606. 

Portland,  how  made,  500. 

protection  from  moisture,  502. 

qnantitj  reqd  fm  mortar,  608. 

restoration  by  rebuming,  602. 

Boman,  601. 

Bosendaie,  601. 

setting  of;  501. 

strength  of,  606. 

for  stopping   cracks  around  chim- 

.   neys,  514. 

weight  of,  385, 601, 507. 
Wenter  oi  force  or  pressure,  482. 

of    "     of  water,  626. 

of  graTity,  442. 

of  gyration,  617. 

of  oscillation,  173. 

of  percnssion,  173. 
Centrifugal  and  centripetal  force,  404. 
^Bkoina,  wt  and  strength  of,  381. 
Chain,  Gunter^s,  74,  98. 
Staining,  deductions  on  sloping 

ground,  98. 
"Skaire,  railroad,  390. 

sleeve,  392. 

*"      modified,  393. 

Wilson's,  stop,  391. 
"^hannele,  flow  in,  562.  Ac 
^annel-iron,  weight  of,  37S.;213. 

plllan,  oratrnta,  230. 
'hap^nff  Cross  Railway,  girden  on. 


(Cherbourg  harbor,  concrete  blocks,  504.. 
Chords,  of  flat  iron  bars,  293. 

principle  of,  246.    JJang,  419. 

of  a  truss  defined,  243. 

table  of  for  protracting,  608. 
Circles,  16. 

table  of,  18. 

to  describe  large  ones,  17, 67. 
Circular  ares,  17. 

tables  of,  21,  23. 

lunes,  25. 

rings,  17, 22.    Sectors,  22. 
**       solidity  of,  32. 

ordinates,  to  calculate,  20. 

segments,  areas  of,  24. 

spindle,  solidity  of,  39. 

zones,  areas  of;  25. 
Civil,  or  clock  time,  80. 
(Mnometer,  or  slope  instrument,  107.' 
Cloth,  tracing,  152. 
Cktal  and  coke,  wts  of,  76,  384. 

**     corrosive  f^mes  from,  370,  511. 
Coffer-dams,  zn.    Of  cribs,  318 

earthen,  317. 

of  two  enclosures  of  cribs,  319. 
Chg^'wheels,  power  of  a  train  of,  479. 
Cohesion,  tables  of,  178, 179, 180. 
Coignet's  beton,  508. 
Coins,  foreign,  value  of,  81. 
€kild,  effect  of,  on  iron,  180. 
CeUiTS,  152.    Colufnns,  see  pillars. 
ComMnation,  72. 
Commission,  73. 
Compass,  to  adjust,  164. 

variation  of,  165. 
Composition  and  resolution  of  forces^ 

457. 
Compound  levers,  479. 
Concrete,  503. 

proportion  of  void  and  solid,  504. 

at  Croton  aqueduct,  505. 

large  arches  built  of  it,  344, 508. 

mixing  of,  50S. 

modes  of  using  under  water,  507. 

large  blocks  at  Cherbourg  harbor^ 
50(. 
Con^eSfTfl. 

Conoid,  aoVidit?  ot,^. 
Conical  »cre>w-v».^,  ^ox  e^ca.^^^^^^ 
Ck>nstan,U  vr\t\vm  eV^V^*^  ^'^^^^^     ' 
of  rupture,  "i^S*. 
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ConHnnis,  for  deflections  of  ^1^  of 

the  span,  201. 
Chntinuowf  beams,  220. 
Contour  lines,  147. 
Contracted  vein,  652,  M4. 
€^nt^rary  flexure,  point  of,  220, 
Cooper  and  Hewitt  beams,  213. 
Copper,  wt  of,  8«7, 37«.    For  rooft,  877. 
pipes,  wt  of,  366,  378.    CW^  867, 868. 
fJord,  or  ninicular  machine,  468. 
'"omtfiraec<|  iron,  370, 371.   Cost  of;  871, 
Coot  of  cements,  500.    Dredging,  330. 
earthwork,  436.    Iron,  364. 
hauling,  607.    Lumber,  361. 
masonry,  312,  630. 
€ou9Uerbraein0, 246, 262, 272, 806  Bm. 
Co9MUer/^nrt8,  340. 
€iMvfw,483.    Couplings  for  tubes,  366. 
Creep4nff  of  rails,  391. 
Crib  dams^  cost  of,  686. 

foundations,  316. 
€}roos'hairo,  to  replace,  162. 
Croso'tleo,  414. 

Crowdo,  weight  of,  207,  695,  footnote. 
CruoMng  Umds,  tables  of,  174, 176, 176. 
Cnbm  roots,  table  of,  48. 
Cubic  or  solid  measure,  76. 
foot,  what  equal  to,   76. 
inch,   **         **      "      76. 
Cub  yds,  in  a  cutting  2  ft  wide,  427. 
Culeerts,  to  find  lengths  of,  350. 

tables  of  cub  yds  in,  351,  353,  354. 
€}urvature  of  the  earth,  table  of,  42. 
Curves,  railroad,  table  of,  416,  633. 
Cuttings,  level,  table  of,  420.  ! 

to  prepare  a  table  of,  418. 
Cycloid,  29. 

Cylinders,  31.    Strength  of,  631. 
riveted,  strength  of,  193. 
table  of  contents  of,  46,  47,  77, 
screw,  324. 

for  foundations,  327. 

with  piles  inside,  329. 
Cylindric  ungulas,  31,  630. 

caat-iron  beams,  table  of  loads,  207. 

beams,  hollow,  strength  of,  193. 
Cpma,  to  draw,  67, 


nmms,  rise  of  wmf  er  prodac«l  by,  6W, 

discharge  oTer,  668,  601. 

trembUnga  in,  686.    Sloiosi  in,  6ML 
l>am,  walls,  high,  in  France,  531. 
nay's  work  of  n  man  «t  bailing,  6001 

at  plastering,  609. 

at  drilling  rock,  811. 

at  dressing  stone,  312. 

at  bricklaying,  498. 

at  excavating,  436. 

nt  hauling  by  a  rope,  606. 
with  a  gin,  winch,  606. 
nt  treadwheel,  tympiui,  0O6L 
J^ceayons,  16,    neeimmU,7h 
ncfi«tt*on  anyles,  ^  4lt, 
I>efieetions  of  beams,  186, 196,  kc 
J>egreo  of  longitude,  length  ot,  76. 
J>iayonal  horixontal  bracing,  291. 

of  a  truss,  to  find  length  of,  69, 3d6. 
niaUiny,  150. 
Discount,  73. 
nistances,  by  sound,  173. 
by  trigonometry,  40,  Ac 
I>istributiny  reservoirs,  679. 
X>iviny-bell,  pressure  in,'  520. 
Ihfdeeaedrofis,  38.    Dodecagons,  15, 
J>rafl  on  roads  and  canals,  603,  607. 

of  vessels,  634. 
nnUnage  of  roadways,  of  bridges,  386. 
J>rains,  box,  355. 

should  be  well  founded  under  high 

embankt,  355. 
pipes,  discharge  by,  668,  669. 
terra  cotta  pipes  for,  669. 
I>rawbridge,  strains  on,  271, 

camber  of,  304. 
I>redging,  329.  Cost,  830, 
by  bag-spoon,  830. 
by  screw-pan,  326. 
jyredged  material,  wt  of,  830. 
nriUing  in  rock,  811,  324. 
l>rop  timbers,  686, 
J>ry  measure,  77. 
J>ry  drains,  355. 
Dynamics  defined,  444. 


cottery  818, 

««-then,  317,  678.    Ston©,  S2B,  *c. 


Earth,  table  of  curvature,  42. 

embankment,  settlement  of,  630. 
EairtKwwU,  W3«X.^l,^U\v  tables,  436. 
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«H™,omplM,«3. 

mn  ba  taUr  lmpiitl<Ml  ouljr  Rt  righl 

r«,l«bIeotZI. 

.nBle^463. 

lim.M»of,M. 

,  nIfiHt J  of;  S». 

WHti,  MrtimieBt  or,  BW. 

Il.ioi[,or.l.vi™,«0.465. 

moving.  41S, 

.*  i»j™>Bn,  12. 

noIbiDK  cui  denrof  Mil  uUkit  larca. 

Hun^df  port.    Tid^B-^fl. 

ponllel,  <^. 

IwrallotDeniiii  of,  IM.                 ^^ 

UingMmMMof.JM. 

pnmi:e]oplp«d»f.473.             ^H 

ing.mil  2  f[wMB,l.Mo,«7. 

<•  of  loiidi  hj  iwni,  sm 

pol}'gui.ar,4S7.                        ^H 

>.orkfne,delliicd,U8,4£4.    .^^H 

toandmultiuitar,  UT.tc    ^^H 

WO. 

Fh>'rr*lD(liir^r«iit[taE«.<TZ.     ^H 

,  anniul,  on  nllroids,  409. 

J-bHndattoiu.StS.                       ^H 

l^^'JSfor.m                         ^1 

B  biama.  21  (. 

blj-nf  fronbridgM,  MS. 

go  ejIlBtan  of  iron,  Uriok.  *0.  SJT. 

«  Blrd=™,  21T. 

on,;ril»,aiB. 

i«,aefli»d.nB. 

DD  feKinea,  32«. 

QD«tiBd.lk!Mdii,3aS. 

ttl-J<riat*<>fplpn,an. 

o.««.pU™.328.                     ^ 

f«,68;. 

bTTH»a«pr»».,t»,6!n.    ^H 

bTpltnin  proem.  331.           ^H 

Lnl»Flp.,»4. 

■ujM,  IP  enlnrgs  or  reJitM. 

on  i»ndom  •Ions  and  |H1h.  STBi  '^^ 

IltoflndIh8.r«,of,ie. 

PraeHmu,  Tulgsr,  89, 

il»k<(«,A.t,IS2I. 

rVo  luKi  .tT.  A.,  bydnnllc  «pta.  e«.HD. 

^ Ml,  WO,  Ma.  2M, 306. 

yii<.f.a»8.suo. 

JV(*f(™.B»T.    0/»y<tpr«.,eSl- 

<>rbrdn<>ta.EITS. 

»n^.of.«6.    2[«Kt,(>3«. 

.,»!. 

pl.01.  «M, 

MI-:f»<nt,3ia. 

Jouriul,  001. 

ftHat  oC  contnify,  520. 

rolling  .0.1  Kl.,«M, 

am-jt  for  brldgw,  SI  t.  »l, »«. 

rr,wh.HMiu^lo.7». 

ubi«  of,  im,  soa. 

tan«..wt<if.Ml. 

to.l.o(lr«hoM.M.,7». 

"      P.rrj-1, 4OT. 

»,wh.t=qMl  10,7(1. 

Kii^  nltM  of.  SI. 

h.I-i™t,  IM. 

Fropi,  .irilchM.  *c,  aw. 

J.WDO.t'tMlf-llCliBS.tM. 

K«lM,44S. 

(I«  M»^.ll.^ld.  401. 

»*wr.  Ml. 

R«M.    CulBtrf,  (HI. 

WHiHtA.Wl.W. 

ha  o^  «7. 
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Fuel  for  locomotivm,  411. 
f^AtneSf  corrosive,  870, 61L 
JFuuieular  mftchine,  468. 

OaivaniHnff,  870. 

Oalvitnixed  iron,  370. 

Chites  for  water  pipes,  672. 

etauge.  Am  and  Birin,  367.    Stubs,  368. 

Oeometry,  practical,  or  drawing   of 

flgores,  61. 
Oin,  day's  work  with,  606. 
€Hrders,  plate  and  box,  214,  217. 
IIodgkinson^B,  208. 
Phoenix,-198, 210. 
for  bridge  floors,  215, 291,  290. 
014MS  and  glazing,  514. 
OfoBSury  of  terms,  615. 
Olue,  adhesion  of,  620. 
€Md  and  silver,  74. 

€hfrdon's  rules  for  iron  pillars,  221,  Sec. 
table  of  pillars  by  his  rules,  224,  Ac. 
Grades,  tables  of,  888,  889. 

wt  of  trains  on,  412.    Hydraulic,  536. 
Chravity,  acceleration  of,  449. 
center  of^  442. 

"  to  find  mechanically,  443. 

specific,  383. 

•*        table  of,  384. 
on  inclined  planes,  486. 
Oreat  Bear  constellation,  101. 
QrwU,  ASfly  601,  near  foot  of  page. 
Gudgeons,  to  find  diams,  620. 
Guide  rails,  39S. 
Gunter^s  chain,  74, 98. 

Mand  level,  Locke's,  166. 
Hauling  by  horses,  436,  603,  605. 
effect  of  width  of  tires,  608. 
by  men,  606. 
Head  of  water,  635.    Tirtual,  571. 
Headway,  of  bridges,  288  note.  307. 
Heads  and  nuts  of  bolts,  374,  375. 
Heat,  expansion  of  solids  by,  310. 
Heights,  to  find  by  trigonometry,  40,  Ac. 
♦*         "  barometer,  167. 
«         «  boiling  water,  170. 
Hemp  ropes,  882. 
Hept4tgons,  15. 
Heaettedrons,  38. 
JHexagon,  area  of,  15. 
to  dnw^  67. 
Mtffffins*  plenum  procees,  327. 


Hodghinson  beami,  206. 
HMow  beams,  strength  of,  187,  It 
Horse,  traction  of,  603,  005. 

amount  of  work  by  a  gin,  606. 
"       **       "in  pumping,  ( 

walks,  diameter  of;  605. 

power,  605. 

weight  of;  606. 

power  of  falling  water,  571. 
**      of  a  running  stream,  67' 

Hours  truss,  283* 

"       toble  of,  284. 
Hydrants^  or  fireplugs,  670. 
Hydraulics,  534. 

adjutages,  554. 

air  valves,  579. 

acres  drained  by  pipes,  660. 

bends,  resistance  of,  580,  548. 
**  "  table  of,  650. 

bursting  pressure  in  pipes,  53C 

Clegg's  dam,  singular  effect  at 

city  pipe  systems,  580. 

coeffs  of  Lesbros  and  Poncelet, 

disch  in  open  channels,  564. 

disch  through  triangular  notdi 


(( 


M 


«t 


(t 
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pipes,  537. 

*'    Ubles  of,  5 

short  tubes,  553 

thin  partition,  5 

"    from  one  reservoir  into  a: 

556. 

disch  over  weirs,  558. 

"    openings,  551. 
floating  mills,  571. 
flow  through  pipes,  534. 
<*     affected  by  material  of  pi] 
•*     Weisbach's  rule  for,  643. 
friction  in  pipes  in  pumping, 
friction  head,  536. 
Francis*,  Mr.,  experiments,  5( 
head,  defined,  535. 

required  for  a  pipe,  542. 
"        for  bends ;  tab! 
hydraulic  grade  line,  536. 
'*  mean  depth,  566. 

"         radius,  566. 
horse-powers  of  falling  watei 
"         "        of  running  wat 
c»&«>v^  oil  VcvcATiv^lete  contracti 
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iHfuraneti,  T3. 

pLpM,  Incline  J,  wa. 

IrUenat,  73. 

"      Kt-petal  Uhb  of  aor,  »34. 

lro»,«0«<:taf  coldon,  liJO.    Gait,  SOL 

'      old  formiilu  nid  (o  M  dslM- 

■'      wut«r™,H7,321,iiOlB. 

ivB,548. 

■■      ii.otttr™.M2. 

"      di«h,.rg,.lirough,113T. 

.iMtic  limit  of,  17a,  17a. 

■'        t.blolof,»3B,540,M*. 

•InngIta,Ud.ll^l7S. 

"  Wuiibacli's,  W4. 

"        cnubing,  17B. 

pipM,loflnddl.Di.!*!. 

BsDnle'a  elpU  wllh  ImuAi,  5M. 

"        Pairing,  181. 

TUPrvoln.  G77. 

■'      piiiurB,  aa. 

sioare  rmU  rf  filb  pow.™,  M8. 

•innglh  of  beKms.    SnBouii*. 

Ttn.  colitnn:t;^66^854. 

■trolchlogof,  178.    earrmitj.tSi.     > 

TslDcltj  oT  Bo»  In  piped,  637, 6t*. 

rQllcd.  -l  of  >qu>re  u>d  icuod,  3«L 

"       In  regHlsr  cbtuiDbla,  ofla 

csnt,           ^        ..          u        u        3^,^ 

H       ■       Id  riTsni.  fies. 

Hflght  of  flat  Un,  372.    SbeM,  SOT, 

^   «       aff.aii»gbpdjH,b,Mc>of.S&2. 

"       orpiJl.ni,MM,  Ao. 

^K  "       JD  »w«ri  ud  dCHiii  pipes. 

"      of  wire,  3SS,  aat. 

Kmrn 

^Kvicdtj-bud,  u& 

'■       of  i.ogl..T.*c.37a 

"      orb,ji^57B. 

n.ffl.BTl.    &rad«,m. 

Piouror.na. 

Btfftroatatla,  121. 

^op.rklndeor«...t.r.m 

bnoraaoy  of  liqidis  SSS. 

Bhooi.  how  pm  on  toalt,  S70. 

draught  of  •eueti,  6S1. 

JpTBifMjBr  flgnrra,  »roM  of,  IB. 

-      ■■  Iron,  2BS. 

beI1.07B.dmt,ln|iip«i.6TJ. 

"        nlli(sn»liI,S3«. 

fl«IMe.for«l»rptp™,ST6. 

for  rail..  SM. 

[ing,  of  C.  A  Amfcof  K  It,  393: 

J.  Dnllon  HtMls'li,  3M. 

Jiw,SlB.    Stnngth  of,  111. 

C.  B.  Sraltli'i  imertod  x.  S** 

Phcenii  ileem,  302. 
Plicenli  mipendnd.  396. 

Kipt^ntnUuD.MH. 

JTihA,  enMD,  wfau  eqiwl  Id.  TT, 

tt8ll-pIUo.,Ml.*8. 

•phtrical.  Hint  «i«l  W.  71. 

AlFI.  W.  Ras-i.  3M. 

JneJiM  Id  drdmsli  of  •  foot,  1i. 

Wll.nn'Bi>top-ctll.ir.3Bl. 

In<U-^ptmHe,tM. 

.r»HmalK>,  Ml. 

tBMlH)  on,  4M. 
t.bl«of  pr«oii,»M. 

Jutnptir,  Jind  bRndHlril],  311. 

Ji«r**-,M«, 

Kfurtmw«,d*T*»»"t.'»>.-                  , 

»-)ii«iio(;tai™m»,H».                  \        u(i\.ol6».\*.\«».«i-                 J 

^^^^^^^^—^                           ^^^A 

642 


Key9toHe9,  table  of,  by  mle,  34i. 
King  and  queen  roofs.  '298«  299. 
Kneea  in  water  pipes,  effect  of^  650. 

Zand  tneamtre,  76. 

sunrcying,  90. 

reqd  per  mile  for  R.  R,  890. 

number  ot  acres  drained  by  pipei, 
MO. 
ZMths,  plastering,  610. 

slating,  61L 

shingling,  512. 
XkOHee  truM,  2S5. 
Xiead,  wt  of  bars  and  sheets,  378. 

balls,  377.    For  roofii,  377. 

pipes,  377,  638,  673. 

req  in  laying  pipes,  574. 

white,  612. 
jAMkoffe  of  canals,  ftc,  521.    .Be*.  678. 
Xtevei,  the  engineer's,  162. 

adjustments  of,  164. 

hand,  Locke's,  160. 

cuttings,  tables  of,  418. 

book;  form  for,  156. 

plumb,  to  adjust,  ItTT. 
ZtevHIing,  by  barometer,  167. 

by  boiling  water,  170. 
I/everSf  476. 

compound,  479. 

beams  regarded  as,  477. 
Xeverofjre  and  moments,  475. 
lAtne,  496.    From  coral,  407. 

air-slacking,  498.    Weight,  386. 
Zdfnit  of  elasticity  in  beams,  197, 186. 
Xifte  of  pressure  or  thrust  of  an  arch, 

348,  493. 
Z^inkf  expansion,  295. 

of  Gunter's  chain,  74. 
lAquidrS,  buoyancy  of,  633. 

compressibility  of,  634. 

transmission  of  pressure,  626. 
Zilquid  measure,  76. 
Load,  on  a  bridge  or  floor,  297,  693. 

"    roof,  300. 
JLoeke's  hand-level,  166. 
Xocfc  Ken  viaduct,  288. 
Jjoek'Hut,  washers,  376,  397. 
Zfoeoniotiveg,  dimensions  of,  413. 
Annual  expense  of  running,  412. 
tractive  power  of,  411. 
wt  of  tnluB  on  grades,  412. 


XoeoMMdve^ ftMl, 411.    Itwf^^*^ 

IjogarUhmtBpVlZ, 

IJonff  meaJMrgy  74, 

JJumgUmde,  length  of  degrses  of;  76. 

IMmb^r,  board  meunrs,  857. 

price  in  Philada,  861. 
iMimef  drcnlar,  araa  of;  26. 


Man,  weigh*  of,  7BH,  605. 

work  of  hanling  by  a  rope,  006. 
**    by  pnmp,  treadwheel,  Ac,  006l 
Maps,  to  reduce  or  enlarge,  09. 
Masonrg,  cost  of,  812, 680. 

weight  of,  886,  530. 

cub  yds  in  culverts,  354. 
•*     «    in  wing  walls,  358. 
Mass,  defined,  456. 
Materials,  strength  of,  174. 

crushing  strength,  table,  174,  Ac 

tensile  "  "       177,18a 

transverse     "  •*       186. 

weight  of.    See  Weight. 
Matter,  defined,  444. 
Measures,  73,  &c. 

to  find  size  of  commercial,  by  tte 
weight  of  water,  510. 

British  Imperial,  77. 
Mechanics,  443. 
Mensuration,  13. 
Meridian  line,  to  find,  99. 

time  of  north  stars  passing,  100. 
Metals,  crushing  strength,  176. 

shearing  **         181. 

tensile  "         178. 

transverse  **         186. 

sheet,  wt  of;  367-376. 
Metal  roofing,  265. 
Mile,  sea,  and  land,  74. 
Mills,  floating,  671. 
Minutes,  in  decimals  of  a  degree,  17. 
Mitchell's  screw* pile,  324. 
Models,  compared  with  structures,  SSOl 
Mon^mt  of  inertia  of  beams,  196. 
Moments,  equality  of,  471. 

and  leverage,  475.    Of  stability,  480. 
Momentum,  defined,  448. 
Monkeymswiteh,4m.   ManegtSljIi 
Mortar,  bricks,  Ac,  496. 
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<l,(.iild  nol  be  depended  «b.  S3!;+6S. 

I^iralbfojitiKiIf,  30. 

O^B.  Toilep  on,  SOS. 

of  furees,  473. 

prMMlt  Iron,  Dm.    FrouD,  «». 

PsrinffwIlhl^iclUpiM. 

|,roporUcai  of,  in  biioltworli,  4H. 

nme<t<,  Ifiul,  IS'J. 

"     robhKSSO. 

JHiuelsv  an  gtnngth  of  bcsmB.  IH. 
jr«rfe)f,,  IF.  B.,  bridge..  MS. 

Jflrfl0J.dtllMd.444. 

Kt^eleraled,  retarded,  ic,  4*9. 

quMitliy  of,  449. 

J'AaiRtobeHmg,  199,210. 

JTud,  welgbt  of,  33(1.  085,  BSB. 

-       «pni™,B6. 

ucmauliUDn  lu  reaermln,  HIS. 

rolled  aegtnent  pilbuB,  333,  OS. 

pillara  fur  IruUei,  SOS. 

JVoU.,  wfllghl  nt,  3«a. 

Pie™,  BliulmoBt,  317. 

SS3. 

CHbydeiB-KSSa, 

'             •l.lagllnK,  612.    SliMns.GlI. 

t*(rtnietloD.b):,670. 

XiHcUsuf  c.mipBH,  1S1. 

pa«,ais,BM,3a3. 

XMmt  >wu,  iss.  Sit 

lroil,Ml.     Wooden,  «n,  320. 

sheet,  ML 

JVortt  unrf  SoHtA  line,  to  nrf,  99. 

«hoei  for.  323. 

rrsucli  rols  for  Ktfetf.  9S3. 

dl*«r«n  of  lU  jHnlliOM,  101. 

a»i.d=r.'rule(ordri.lng.S2t 

JTuM,  Wright  or.  374. 

Trsqlwliie'i  "          "        as*. 

drWug  b,  .bod  ropM,  fl97. 

0(,»au«.tD.tr««.  dinned,  213, 

by  truulwlieel,  321. 

■■       I^flndl^B|.th,if,M,303. 

Brunl.e-.,  S25. 

OclKcifpaiu,  38. 

Brunorj,  3S4. 

HitcbeJl'a  Kre-,  SU. 

PolW  raomiBi,  MS. 

Ontlitntes  of  8.  B.  enrrei,  JO.  418,  tB3. 

inside  of  «cyllB<lei-,lt», 

f^bradtaKrmi]i.41a. 

preH.r>li.gfa»d.froB  ipIitllDcSi 

P(U«n,  iron,  elrengtli  of.  2SL 

Oimi»,  lodrMT,  flS. 

Ubie  ofliollaw  cut  roand,  2H. 

Oe>^f«lU,  or  weLra,  di«h«g>,  by,  S6B. 

"           "          "  •qnre,  S3I. 

wri  iqiare,  231        j 

FalHltHff.hiHUf.m.    0«t.»3. 

■elld  net  mood,  2M.             I 

1Uik4  uf  .1  Irose.  rt.iantd,  24*. 

"     li^nglh  nf.  SIS. 

Kiltd  wM  »|iBm.  SSL           1 

p.Qe|.l«.lql  denned,  aox 

L,  +.  H  *e.  283  »  21W.                          j 

F>.p«:  ui. 

Pbajoi.1»Min«,«,73a. 

pn.lll«»ndtr«log,  181 

Plicenli  railed  wgrnml, K3, 2M,       i 

f»HMa,». 

-      a  l»4lle>.  308,                   >J 

pLiinM,bliiged.otj.rtBted,2a3.           | 

.welled  «oenWi.«l.                       ( 

J'w^/W/im,.,,*.!. 

.«.™«*V"-«,I3.«. 
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JYpeir^  inm,  wt  of  cMt,  363, 301. 

bruicbesy  575. 

beDdB,  effect  of,  530, 548, 

coDtonta,  40, 540,  541. 

cupper  and  bnn^  wt  ol^  366. 

cost  of  layingt  574.    JW  tgMil^  575;. 

Ward's  flexible  joint,  575. 

thickness  to  resist  pressure^  531.  * 

rssSaiaDce  to  pomiMng^  559L 

Jaige,  nrast  be  dosed  dowly,  533, 

Biles  oi;  in  Philada,  577. 

service^  573. 

*«       Israles  for,  574. 

wedges  for,  instead  of  lead,  574. 

air^rmlTes  for,  579. 

▼alves  or  gates  for,  572. 

wt  of  lead  for  laying,  574* 

to  prerent  concretions  in,  581. 

flow  tbroof^    See  Hydraulics. 

flow  affected  by  material,  537. 

knees,  effect  of,  550. 

wt  of  water  in  1  ft  lengths,  5401 

swellings  in,  effect  of,  551. 

cnb  ft  in  1  ft  length,  541. 

gallons  in  1  ft  length,  542. 

of  lead,  377,  533. 

gntta  percha,  577. 

Ball's  iron  and  cement,  577. 

terra  cotta,  569. 

Wyckoff's  patent,  577. 

of  bored  logs,  577. 

of  bitaminized  paper,  577. 
JHpe^thrting,  568,  560. 
:Pfv€it  friction,  600. 
J^aMering,  509. 
JPlane,  inclined,  484. 

**         stability  on,  498, 488. 
"         table  of  pres  on,  486. 
Plane  trigonometry,  39. 
l*lank,  thickness  to  bear  pres  (^  water, 

317. 
JHate-iron  beams,  214. 
Plenunt  process  for  fonndations,  327. 
Plumb^ievel,  to  adjust,  167. 
Point  of  contrary  flexure,  220. 
Polygons,  15.    Of  forces,  467. 

to  draw,  67. 

to  reduce  to  a  triangle,  6S. 
JPotta,  I>r,  process,  326,  631. 
■Porosity  of  ca9t  iron,  532. 


Ti»n,mta!U5thmmtoL  JUm^m 
P^rHmmd  cwaeat.  886^  6<0^  581 
Psfwer,  animal,  605. 

water,  571.    LmcwmoU  1^411. 

defined,  448^  476b    liftk,54iL 
J^0tMier,8ia 

qoantity  in  biaatfng,  SU. 
JVoM  tnns,  284^  285^  9D& 
Press,  hyd,  friction  of,  683L 
Pressure,  center  of;  482L 

of  water.    See  Hydrostatiei. 

line  of;  in  arches,  348, 483. 

of  air  in  a  diTing-bell,  620. 

wind,  520. 
Prisms,  and  frustums  o(  30. 
Pristnoidal  formula,  33. 
Prismifids,  solidity  ot,  33. 
Profile  paper,  152. 
Progression,  71, 72. 
Proportion,  71. 
Prtftraeting  by  chorda,  147. 

table  of  chords  for,  608. 
PuUeys,  479.        ^ 
Pumping,  by  hand,  Ac,  433,  (MM. 

engines,  cost  of;  433.  [W 

Puzzuolana,  600.  Purlins,  247, 264,91 
Pyramids,  32. 

frustums  of,  33. 

Quarrying,  cost  of,  311, 44a 

Madiiand  ordintxtes  of  curTet,41( 
Bails,  415. 

Booth's  steel-headed,  415,  not*. 

ordinates  for  bending,  418. 

guide,  398. 

creeping  of,  391. 

Joints,  chairs,  Ac.    See  Joints. 

when  welded  together,  do  not  cm 
391. 
Itailroads,  409. 

annual  expenses,  Ac,  400L 

cost  of,  414, 415. 

ballast  for,  414. 

cars,  419. 

locomotires,  411. 

shops,  cost  of,  415.    Ties,  411 

water-stations,  432. 
Rain,  518. 

Raising  q\  \>^^!fp<^^Q3. 
liaised  \\%''\i«x^%\c^cuk\s)^\E8k 


S«frtteHon  iDd  cnmture,  labl 
Jtrnulnr  bodln,  the,  4«. 
ButalHlnij-waUa  far  nrtb,  B3 

bolgtiigor,33i 

ltbl<»  of,  334.  338,  030.  MI. 


uid  cube.  Uli1«,  U. 
Eib  pawi^ra,  US. 
e,  ea    Fifth,  MO, 


Suhblr  mwioaTj.  amt,  312.  eao. 

fiwl,  tu  moutuio  sbglH  lijr,  S^ 

9a»<t,  Wl  a/;  387,  H4. 
Tulda  In.  Ml. 
Blngnlur  tsct  nspKliOE  pro  of,  M. 

Btal™,  plntrniTD.  4(11. 

Sear  ft  lor  timb™,  iOl. 

Sbm™,  tbe,  4!9.  I 

Aniericiu  itoikdard  pRpporUou,  SW 
pilM.  3JL  1 

to  nnl  loDKtll  of  n  niDlUUn  of.  n9 
Sehtiynau  Bin,  l>r%B   of  cut^rMi! 


■phi!Tlul.«<1Idit)oC»-  _ 

ciirrediitif  or.BT.  1 

BMtr'a  mrntabi*.  49.  I 

SoMlexKnt  of  ambunkmiml,  MO.         I 

Htmrn  Talli^  R,  R.  ureb  brlOgta,  Xt).  J 


Shaartng  nreiijflh.  in. 

of  lul 
Ahi-ct-pMA*.  921. 
SAwf  nutiid.  wt  of,  iW7. 
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Shrinkage  of  emlMiBknienlB;  880. 
BinMar  figures,  Ae,  deftnetV^l. 
Sinem  and  tangpDts  ezplaiDed,  62L 

*<        teUe  <<  102. 
Blnf^  nde  of  thr*^  7L 
«7a«{«i0r,  610. 
<agoape»^Jhaln  892. 
Slope  of  maxittam  ptva^  835w 

instnuneDt,  167. 
gHuicem  in  dams,  58S. 
Snioiuff  519. 

#Koll«i9,  expaosioD  t>gr  beat,  3ia 
iSoifmirl73. 

Td  of;  in  iripea,  1731 
Spanish  meaaares  and  weigbts^  801 
SptMnOrH  walls,  311, 346i 
Specie  grari^,  383L 

•^       table  of,  3S4. 
Spheres, €fr  globea,  ctnteufta  of  ooe  1  ft 
diaia,T7. 

conteota  of  ono  1  indi 
fKam,  77. 
table  of,  35. 
■egraenta  oiy  34, 37. 

SDDBfl^of,  3S. 

/l^pAeriodf  rtaelks  38L 
jffp^beroMsy  38. 
Spikem,  wei^t  of,  382L 

adbesJoD  of,  and  naila,  3S3L 
Splieinff  ot  timbers,  291. 
Spindle,  drctilar,  soliditj  ot,  39. 
Squaree  and  cubes,  and  nwts,  48. 
Square  hMaw  iroa  beaow^  198» 
SiabiHtif,  488. 

diff  measures  of,  490i 

moment  of;  471,  489i 

ftictfona),  488. 

on  incTined  planes,  488,  498^ 

of  an  arcb,  to  find,  491. 
Stand-pipee,  for  waterworks,  025. 

for  water  statiooa,  433. 
Star,  Iforth,  100. 
Stars,  to  regulate  a  watdi  by,  80. 
Star  AtiothflOO. 
Star  teasher,  39T. 
StaHes  defined,  444. 
Station  hoaee,  cost  of,  415. 

wnter,  432. 
Sieel,  elastie,  UmH  of,  176, 119. 
wt  o^  S66,  367.    Ca9t,  364. 
strength  of,  17(^  178,  IBftw 


Maef,  pOIan,  SOL 
AtoNtf,  artificial,  606L 

coat  of  qoariTios^  811,  4101 

•"        dre8Bli«,Sll. 
broken,  foids  in,  604,  (Btt. 
bri<%ee,841. 

**       drafnage  of  roadways  0^35 
nuKkna,  or  jrierre  perdue,  814. 
strength  of,  176^  18€^  186. 
Stonework,  2fiO. 
cost  of;  312,  630. 

^       large  blocks^  SIX 
weight  of,  386,  63a 
Stop'^MU'ees,  or  gates,  572L 
Storing  reserrfrffa,  578. 
Strain  defined,  444,  449L 
on  trusses,  243. 

three  simple  pfooesses  lor  fin^ 
263. 
Streams,  flow  in.    See  Hydranlica. 
**       to  measore,  502. 
bottoms  to  bear  dilT  rels,  67C^  663L 
foiling,  hfcmm-power  oi;  571. 
running    **        **  671. 

Tirtnal  bead  of,  671. 
Street  pipes.    See  Pipes. 
Strength  of  materials,  174. 
of  beams.    See  Beams. 
**       cmebii^  174. 
*•       shearing,  18U 
«       tensile,  IH. 
**-       transreree,  18&. 
**       torsional,  18L 
of  shafting,  182. 
of  iron  pillars,  221. 
of  wooden  ^    238. 
Struts  to  distinguiA  firora  ties,  443L 
Sabstanees,  wt  of  a  cid>  ft  of;  384. 
Surt^Mtrged  retaining-wallB^  334, 837 
Sttrveging,  90. 
Sm^»ension  bridges,  5S8. 

**  ^  anchoiaga ' 

cables,  592. 
data  for  cables,  table,  588. 
table  of  wire  in  cablea,  308,  507. 
strains  on  cables.  589. 

**•     on  piers,  501. 
length  of  caMes,  to  find,  500. 
\eTk^Ctv  q1  «<oeB^xi^Xk.<t^TQ^  691. 

^a\rcw«wiX,'«ta»ftas'W^ 


Nlagiis,  SSS^  ML     Wb«l[B«^  MS. 


IteUe  gr  uglu  b7  •  2-n  nils,  H.  . 

•cn>rTildperniile,3». 
I.iwd  m«iun>,  3S!. 

ihiii,  «i  o(  sn. 

bulta,3TB. 


CaaiHir  it  IlewlU'i  )huimi,21!L 


Pnit  mai,  0IS,  300. 


lluHi,  Ui^mla,  Ac,  IDS. 


"  flu  u>d  corrug  Im,  irO.  I 

Tanffcnto  aipliilsed,  03, 60,  lU. 
Hw>H,wtpor  boi,3r9.  1 

I^nuUfl  itrenglb  of  malsritia,  ITT,  <w4 
TViitiler*  ot  Iwonoti  vB^  41 " 
IVrro  eoltn  pipM,  WS. 


Trtm 


IM,3S. 


ITgws  bridgu.  a»4. 


UniUn  slK 

bsih, ):;. 

Ki. 

■htu^ng,] 

1.    Qwto/, 

PI««,«[<ilor 

hj«dUl,l 

50. 

1 


ItliW  ^/lwnllll  ortiolllnim 


:>,  4B3. 

an.        j 

M 


: 


,9§iL 

borte0«tel  4iN;  bnefng,  »L 

Uag  Mtf  qoMB  rooi;  2M. 
l«tyM,orTovii*i,2H. 

rMngot,WL  W«iiblt,9M, 288,800. 
roof,  wt  M  tAottd  1^  riM,  801. 
tiMpflAftoti,  944 
•timlMi  3  ilmpU  procMMt  for  find- 

Wttrrta,  8M|  871, 877. 
mtinUtrlimolnffi  861, 378. 
IteiMi  wroofht-lrfm,  UUt  of,  804. 
rMl  "  ••803,804. 

KUttA  pfrflh»,  577. 
•MmlwHi  bnMM  And  eoppw,  808. 
lf«d,  07T,  588. 
mHoiw  klwtm  877 .   Co\||^\Vh^  ^^- 

VHMHH»t  08T. 


r«iM 


besd^Sn. 
Y^  v<«Mi,  440^  4SS. 

F<»<€i0  in  brokflft 
maand,fi01. 

in  nibble,  488, 6801 
Vulgar  fnctioM,  08. 


8M,8B8 


WdUa,  nainb«r  of  bcj^a 
high,  for  daua,  la 
retaining,  SSL 

tablMo^ai. 


4 
fl 


«c 
(t 
« 


triangnhr, 
seTeral 
same  qoantity  of 
retaining,  to 


tabUoT 


Waaha-t,  Km  t.aA  ireiglit  of,  371 
lock-out,  375. 

ITnlcA,  ta  regulalo  by  lUn,  SO,  note. 

boiling,  Id  mMuitre  Ui^lghM  b;,  ITO. 

floo.  dlicbvgD.  Ac.   8wi  Hydcnulici 

qoiiilit}'  r«jd  in  citli'e,  680. 

Dnder  prei,  Qiwe>  thriiUKli  <ma,  K2. 
eoluiun.  or>l«iid-plpB,  133,  friS. 
wl  or,  for  andiiiE  (li«  iniKiif  commer 

cobB"     •■       ■■  "     40,MI 

Warn,  Ibren  of,  «M.    WedO'*i  33, 4SI 

iredffiu,  ■oilditii's,  kr.  ot.  U3. 

loftead  of  \taA  Id  j>ipe  lifcylDg,  fi74. 
WeIgM  daflucd,  444. 


■Vlkw.  382 


MnlTi^teilb;  luriae,   { 


of  ciillinga  and  Il< 
■alar,  Hi. 

in  1  n  letigtb  ot  plr««  ML  < 

IFclffAO  and  Dii'iunnH,  TI. 
H'l'li's,  5SS.     Wharf  miaa,tai. 
tFidtbaeh'a  rale  fur  flow  lu  plpua,  U3. 
Ife/I*,  CDnt<iiuor.4«. 

cub  jda  of  dlgslng.  linlnB,  ie,  *T. 
frftnrfoit's  wM;  iwllcli,  4UI. 
fr/itwlii,  at  <ma,  i  13.    Tim,  Ooa. 

Ratsr,  STl.  HAUncuA,  (11. 
Wheelbarroa*,  In  eartliwark,  4% 
Whipptr,  Mr.,  U3,  nalu. 

briiigM,  urihed,  »«.  ' 


(uffrfBoHi,  cob  jrds  io,  afia. 
Ire,  luUo  uf  wsi^it,  3«8,  DM. 
giiD)»a,  3B7.    SCnxffUt  <>r,  3W. 
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